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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 



Unilever Patent Holdings B.V. 
Olivier Van Noortlaan 120 
3133 AT Vlaardingen, Zuid-Holland 
THE NETHERLANDS 

Plaintiff, 



HON. David J. Kappos 
Under Secretary of Commerce for Intellectual 
Property and Director of the United States Patent and 
Trademark Office 

Office of the General Counsel 

United States Patent and Trademark Office 

P.O. Box 15667 

Arlington, V A 222 15 

Madison Building East, Room 1 0B20 

600 Dulany Street 

Alexandria, VA 22314 

Defendant. 



Civil Action No. 



COMPLAINT 

Plaintiff Unilever Patent Holdings B.V., for its complaint against the Honorable 
David J. Kappos, states as follows: 

NATURE OF THE ACTION 

1 . This is an action by the applicant and owner of United States Patent No. 
7,501,556 ("the '556 patent") for review of the determination by Defendant, pursuant to 
35 U.S.C. § 154, of the patent term adjustment accorded the '556 patent. Plaintiff seeks 
a judgment, pursuant to 35 U.S.C. § 154(b)(4)(A), that the patent term adjustment for the 
'556 patent be changed from 392 days to at least 633 days. 



DB 1/63528374 
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2. This action arises under 35 U.S.C. § 1 54(b)(4)(A) and the Administrative 
Procedure Act, 5 U.S.C. §§ 701-706. 

THE PARTIES 

3. Plaintiff Unilever Patent Holdings B.V. is a corporation organized and 
operating under the laws of The Netherlands, having a principal place of business at Olivier 
Van Noortlaan 120, 3 1 33 AT Vlaardingen, Zuid-Holland, THE NETHERLANDS. 

4. Defendant David J, Kappos is the Under Secretary of Commerce for 
Intellectual Property and Director of the United States Patent and Trademark Office 
("PTO"), acting in his official capacity. The Director is the head of the PTO, and is 
charged by statute with providing policy direction and management supervision for the 
PTO and for the issuance of patents. The Director is designated by statute as the official 
responsible for determining the period of patent term adjustment under 35 U.S.C. § 154. 

JURISDICTION AND VENUE 

5. This Court has jurisdiction to hear this action and is authorized to issue the 
relief sought by Plaintiff pursuant to 28 U.S.C. §§ 1331, 1338(a) and 1361, 35 U.S.C. § 
154(b)(4)(A) and 5 U.S:C. §§ 701-706. 

6. Venue is proper in this district by virtue of 35 U.S.C. § 154(b)(4)(A). 

7. This Complaint is being timely filed in accordance with 35 U.S.C. § 
154(b)(4)(A). 

BACKGROUND 

8. Steven Colliver, Roy Dobb, and Hendrikus van der Hijden are the 
inventors of U.S. patent application no. 10/505,145 ("the '145 application") entitled 
"Nutritionally Enhanced Plants," which entered the U.S. national stage under 35 U.S.C. § 
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371 on April 8, 2005 (the "§ 371 date"). The '145 application issued as the '556 patent 
on March 10, 2009. A copy of the c 556 patent is attached as Exhibit A. 

9. Plaintiff Unilever Patent Holdings B.V. is the owner by assignment of all 
right, title and interest in the 4 556 patent, as evidenced by the assignment documents 
recorded in the PTO at Reel 016045, Frame 0206, and is the real party of interest in this 
case. 

10. Section 154 of title 35 of the United States Code requires that the Director 
of the PTO grant a patent term adjustment in accordance with the provisions of section 
154(b). Specifically, 35 U.S.C. § 154(b)(3)(D) states that "[t]he Director shall proceed to 
grant the patent after completion of the Director's determination of a patent term 
adjustment under the procedures established under this subsection, notwithstanding any 
appeal taken by the applicant of such determination." 

11. In determining patent term adjustment, the Director is required to extend 
the term of a patent for a period equal to the total number of days attributable to delay by 
the PTO under 35 U.S.C. 154(b)(1), as limited by any overlapping periods of delay by the 
PTO as specified under 35 U.S.C. § 154(b)(2)(A), any disclaimer of patent term by the 
applicant under 35 U.S.C. § 154(b)(2)(B), and any delay attributable to the applicant 
under 35 U.S.C. § 154(b)(2)(C). 

12. The Director made a determination of patent term adjustment pursuant to 
35 U.S.C. § 154(b)(3) and issued the '556 patent reflecting that determination. 

13. As directed by 35 U.S.C. § 1 54(b)(3)(B)(ii), the Director has prescribed 
regulations providing the applicant "one opportunity to request reconsideration of any 
patent term adjustment determination made by the Director." Specifically, 37 C.F.R. § 
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1 .705(d) provides that "any request for reconsideration of the patent term adjustment 
indicated in the patent must be filed within two months of the date the patent issued." 
Such a request for reconsideration was timely filed on May 8, 2009 in the PTO with 
respect to the erroneous patent term adjustment indicated in the 6 556 patent, and to date 
the PTO has taken no action on this request. 

14. Additionally, 35 U.S.C. § 154(b)(4)(A) provides that "[a]n applicant 
dissatisfied with a determination made by the Director under paragraph (3) shall have 
remedy by a civil action against the Director filed in the United States District Court for 
the District of Columbia within 1 80 days after grant of the patent. Chapter 7 of title 5 
shall apply to such an action." 

CLAIM FOR RELIEF 

15. The allegations of paragraphs 1 -14 are incorporated in this claim for relief 
as if fully set forth. 

1 6. The patent term adjustment for the c 556 patent, as determined by the 
Director under 35 U.S.C. 154(b) and indicated on the face of the '556 patent, is 392 days. 
{See Exhibit A at column 1.) The determination of this 392 day patent term adjustment is 
in error because the PTO failed to properly account for the delays that occurred after the 
date that was three years after the actual filing date (§ 371 date) of the '145 application, 
pursuant to 35 U.S.C. § 154(b)(1)(B). The correct patent term adjustment for the '556 
patent is at least 633 days. 

17. The ' 145 application was filed on April 8, 2005 (§ 371 date), and issued as 
the '556 patent on March 10, 2009. 

18. Under 35 U.S.C. § 154(b)(1)(A), the number of days attributable to PTO 
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examination delay ("(A) Delay") is 392 days, which occurred during the period between 

June 8, 2006 and July 5, 2007. 

19. Under 35 U.S.C. § 154(b)(1)(B), the number of days between the date that 
was three years after the actual filing date (§ 371 date) of the ' 145 application (i.e., April 
8, 2008) and the date that the '556 patent was granted (i.e., March 10, 2009) ("(B) 
Delay") is 336 days. 

20. Under 35 U.S.C. § 1 54(b)(2)(C), the number of days of applicant delay is 
95 days, which occurred during the period between July 1 1, 2008 and October 14, 2008. 

21 . 35 U.S.C. § 1 54(b)(2)(A) provides that "to the extent that periods of delay 
attributable to grounds specified in paragraph [154(b)](l) overlap, the period of any 
adjustment granted under this subsection shall not exceed the actual number of days the 
issuance of the patent was delayed." The overlap between the "(A) Delay" period and the 
"(B) Delay" period in the prosecution of the ' 145 application leading to the '556 patent is 
0 days (i.e., no overlap), as graphically depicted on the following chart: 
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22. The '556 patent is not subject to a disclaimer of term. Thus the period of 
patent term adjustment is not limited under 35 U.S.C. § 154(b)(2)(B). 

23. Accordingly, the correct patent term adjustment under 35 U.S.C. § 
154(b)(1) and (2) is the sum of the "(A) Delay" (392 days) and "(B) Delay" (336 days), 
resulting in 392 + 336 = 728 days, which is then reduced by the number of days of 
applicant delay (95 days) for a total patent term adjustment of an additional 633 days. 

24. The Director erred in the determination of patent term adjustment by 
treating the entire period of PTO "(A) Delay", all of which occurred before the date that 
was three years after the actual filing date (§ 371 date) of the '145 application (April 8, 
2008), as the period of overlap, when there was no period of "(A) Delay" that occurred 
after the April 8, 2008 date and, therefore, there was no overlap with the "(B) Delay" 
whatsoever. Thus, the Director erroneously determined that the net patent term 
adjustment under 35 U.S.C. § 154(b)(2)(A) should be only the longer of the "(A) Delay" 
(392 days) or the "(B) Delay" (336 days). In ignoring the "(B) Delay", the Director 
further erred in failing to account for Applicant's delay of 95 days that occurred during 
that period. The Director therefore, in effect, erroneously treated the entire "(B) Delay" 
of 336 days as overlap, and arrived at a net patent term adjustment of 392 days. 

25. In Wyeth v. Dudas, 580 F. Supp. 2d 1 38 (D.D.C. 2008), this Court 
explained the proper construction of the provisions of 35 U.S.C. § 154(b) for determining 
patent term adjustment. In accordance with Wyeth, the patent term adjustment for the 
'556 patent is properly determined to be 633 days, as set forth above. 

26. The Director' s determination that the ' 556 patent is entitled to only 3 92 
days of patent term adjustment is arbitrary, capricious, an abuse of discretion, or 
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otherwise not in accordance with the law and in excess of statutory jurisdiction, authority, 
or limitation. 



requests that this Court enter Orders: 

A. Changing the period of patent term adjustment for the '556 patent term 
from 392 days to 633 days and requiring the Director to extend the term of the '556 
patent to reflect the 633 day patent term adjustment. 

B. Granting such other and future relief as the nature of the case may admit 
or require and as may be just and equitable. 



PRAYER FOR RELIEF 



Wherefore, Plaintiff demands judgment against Defendant and respectfully 



Dated: September 1, 2009 



Of Counsel: 

William Jackson Matney, Jr. (454988) 
MORGAN, LEWIS & BOCKIUS LLP 
1111 Pennsylvania Avenue, NW 
Washington, DC 20004 
Telephone: 202.739.3000 
Facsimile: 202.739.3001 




MORGAN, LEWIS & BOCKIUS LLP 
1111 Pennsylvania Avenue, NW 



Washington, DC 20004 
Telephone: 202.739.3000 
Facsimile: 202.739.3001 



Attorneys for Plaintiff 
Unilever Patent Holdings B.V. 
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Pea Chalcone reductase DMA sequence (SEQ ID No. 1) 

1 ATGGGTAGTG TTGAAATCCC AACAAAGGTG CTTACCAACA CATCTGCTCA AATTAAGATG 

61 CCTGTIGTTG GAATGGGATC AGCACCTGAC . TTCACATGCA AGAAAGACAC TAAAGAAGCA 

121 ATCATCGAAG CCATCAAACA AGGTTACAGA CACTTTGATA CTGCTGCTGC TTATGGATCC 

181 GAACAAGCTC TTGGTGAGGC TTTGAATGAG GCTATTCAAC TTGGTCTTGT CACTAGAGAA 

241 CAGCTTTTTG TTACTTCTAA ACTTTGGGTT ACTGAAAATC ATCCTCACCT TGTTCTTCCT 

301 GCTCTACAAA AATCTCTCAA GACTCTTCAG TTGGATTACT TGGATTTGTA TTTGATTCAT 

361 TGGCCACTTA GTTCTCAGCC CGGAAAGTTT TCATTTCCAA TTGATGTGGC TGATCTATTG 

421 CCATTTGATG TAAAAGGTGT GTGGGAATCC ATGGAAGAGG CTTTGAGACX TGGACTCACG 

481 AAAGCTATTG GTGTCAGTAA CTTCTCTGTC AAGAAACTTC AAAAGCTACT ATCTGTTGCC 

541 ACTGTTCTTC CTGCTGTTAA TCAAGTAGAG ATGAACCTTG CATGGCAACA AAAGAAGCTA 

601 AGAGAATTTT GCAATGAAAA TGGAATAGTG TTGACTGCAT TTTCACCGTT. GAGGAAAGGC 

661 GCCAGCCGAG GAGCAAATGA GGTTATGGAG AATGATATGC TTAAACAGAT TGCAGATGCT 

721 CATGGAAAGT CTATTGCACA AATTTCTCTG AGATGGTTAT ATGAACAAGG AATCACTTTT 

781 GTTCCAAAGA GCTATGATAA GGAGAGAATG AGTCAAAATT TGAGAATCTT TGATTGGACA 

841 CTGACAAAGG AGGATCATGA GAAAATTGAT CAAATTAAGC AGAATCGTTT GATCCCTGGA 

901 CCAACCAAGC CAAGTCTCAA TGATCTTTGG GATGATGAAA TATAA6 



Pea Chalcone reductase protein sequence (SEQ ID No. 2) 
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REPLACEMENT SHEETS 
so y laoflavon* synthase P H * ^ouance (SEQ ID Ho. 3) 



l 

61 

121 

181 

241 

301 

361 

421 

481 

541 

501 

661 

721 

781 

841 

901 

961 

1021 

10B1 

1141 

1201 

1261 

1321 

1381 

1441 

1501 

1561 



AXGGTGCTTG 
ACACCCACTG 
CGTCTTCCCT 
ATCGACCTCT 
GTTGTTGCCT 
TTCAACACAA 
ATGGTTCCCT 
AACGCCACCA 
AGGGTTATGG 
AAATGGACCA 
ATCGCTCGCG 
TTGAAGCATC 
GACCCTGTCG 
GGAGAGGTTG 
GAGGATGAGA 
TTTTTCTCGG 
ATCAACAATC 
GACAGACTTG 
GAGACATTCC 
GAGATTAATG 
GGAAGAGACC 
ACAGGGGCTG 
CCATTTGGGT 
ACACTTCTTG 
ATATTGAAGG 
AGGGCACATA 
TCTTAAG 



AACTTGCACT 
CAAAATCAAA 
TCATAGGACA 
CCAAAAAACA 
CCACACCAGA 
GGTTCCAAAC 
TCGGGCCCTA 
CTGTAAACAA 
CCCAAGGCGC 
ACAGCACCAT 
AGGTICTTAA 
TCAAGGTTGG 
TTGAAAGGGT 
TTGAGGGTGA 
CTATGGAGAT 
CAGGAACAGA 
CTAAGGTGTT 
TGGACGAAGT 
GCATGGACCC 
GATATGTGAT 
CCAAATACTG 
AAGGGGAAGC 
CTGGGAGGAG 
CATCTCTTAT 
GTGGTGACGC 
GTCTTGTCTG 



TGGTTTATTG 
AGCACTTCGC 
CCTTCATCTC 
TGGTCCCTTA 
ATT6TTCAAG 
CTCAGCCATA 
CTGGAAGTTC 
GTTGAGGCCT 
AGAGGCACAG 
CTCCATGATG 
GATCTTTGGC 
AAAGTATGAG 
CATCAAGAAG 
GGTCAGCGGG 
CAAAATCACC 
CTGAACAGCG 
GGAAAAGGCT 
TGACACTCAA 
GCCACTCCCA 
CCCAGAGGGA 
GGACAGACCA 
AGGGCCTCTT 
AArGTGCCCT 
TCAGTGCTTC 
CAAAGTTAGC 
TGXTCCACTT 



GTTTTGGCTC 

catctcccaa 
ttaaaagaca 
ttctctctct 
ctcttcctcc 

AGACGCCTCA 
GTGAGGAAGC 
TTGAGGACCC 
AAGCCCCTTG 
ATGCTCGGCG 
GAATACAGCC 
AAGAGGATCG 
CGCCGTGAGA 
GTTTTCCTTG 
AAGGACCACA- 
GTGGCAACAG 
CGTGAGGAGG 
AACCTTCCT? 
GTGGTCAAAA 
GCATTGATTC 
TCGGAGTTCC 
GATCTTAGGG 
GGAGTCAATC 
GACTTGCAAG 
ATGGAAGAGA 
GCAAGGATCG 



TGTTTCTGCA 
ACCGACCAA6 
AACTTCTCCA 
ACTTTGGC7C 
AAACGCACGA 
CCTATGATAG 
TCATCATGAA 
AACAGACGCG 
ACTTGACCGA 
AGGCTGAGGA 
TCACTGACTT 
ACGACATCTT 
TCGTGAGGAG 
ACACTTTGCT 
TCAAGGGTCT 
AGTGGGCATT 
TCTACAGTGT 
ACATTAGAGC 
GAAAGTGCAC 
TCTTCAATGT 
GTCCTGAGAG 
GACAACAT7* 
TGGCTACTTC 
TGCTGGGrCC 
GAGCCGGCCT 
GCGTTGCATC 



CTTGCGTCCC 
CCCAAAGCCT 
CTACGCACTC 
CATGCCAACC 
GGCAACTTCC 
CTCAGTGGCA 
CGACCTTCTC 
TAAGTTCCTT 
GGAGCTTCTG 
GATCAGAGAC 
CATCTGGCCA 
GAACAAGTTC 
GAGAAAGAAC 
CGAGTTCGCT 
TGTTGTAGAC 
GGCAGAACTC 
TGTGGGAAAG 
AATCGTGAAG 
AGAAGAGTGT 
ATGGCAAGTA 
GTTCCTAGAG 
TCAACTTCTC 
GGGAATGGCA 
ACAAGGACAG 
CACTGTTCCA 
TAAACTCCTT 



Sov iaoflavone synthase protein sequenc e (SEQ ID No. 4] 



Met Val Leu 
Arg Pro Thr 
Ser Pro Lys 
Leu Leu His 
Leu Tyr Phe 
Leu Phe Leu 
Ala He Arg 
Tyr Trp Lys 
Val Asa Lya 
Met Ala Gin 
Lys Trp Tor 
Arg Asp He 
Phe He Trp 
Asp He leu 
Glu He Val 
Val Phe Leu 
He Thr Lys 
Asp Ser Thr 
Lys Val Leu 
Leu Val Asp 
Glu Thr Phe 
Glu Cys Glu 
Val Trp Gin 
Pro Glu Arg 
Arg Gly Gin 
Gly Val Asn 
Cys Phe Asp 
Ala Lys. Val 
Leu Val Cys 



Glu Leu 
pro Thr 
Pro Arg 
Tyr Ala 
Gly Ser 
Gin Thr 
Arg Leu 
Phe Val 
Leu Arg 
Gly Ala 
Asn 'Ser 
Ala Arg 
Pro Leu 
Asn Lys 
Arg Arg 
Asp Thr 
Asp His 
Ala Val 
Glu Lys 
Glu Val 
Arg Met 
He Asn 
Val Gly 
Phe Leu 
Bis Phe 
Leu Ala 
Leu Gin 
Ser Met 
Val Pro 



Ala Leu 
Ala Lys 
Leu Pro 
Leu He 
Met Pro 
flis Glu 
Thr Tyr 
Arg Lys 
Pro Leu 
Glu Ala 
Thr He 
Glu Val 
Lys Els 
Phe Asp 
Arg Lys 
Leu Leu 
He Lya 
Ala Thr 
Ala Arg 
Asp Thr 
Bis Pro 
Gly Tyr 
Arg Asp 
Glu Thr 
Gin Leu 
Thr Ser 
Val Leu 
Glu Glu 
Leu Ala 



Gly Leu 
Ser Lys 
Phe He 
Asp Leu 
Thr- Val 
Ala Thr 
Asp Ser 
Leu He 
Arg Thr 
Gin Lys 
Ser Met 
Leu Lys 
Leu Lys 
Pro Val 
Asn Gly 
Glu Phe 
Gly Leu 
Glu Trp 
Glu Glu 
Gin Asn 
Pro Leu 
Val He 
Pro Lys 
Gly Ala 
Leu Pro 
Gly Met 
Gly Pro 
Arg Ala 
Arg He 



Leu Val 
Ala Leu 
Gly His 
Ser Lys 
Val Ala 
Ser Phe 
Ser Val 
Met Asn 
Gin Gin 
Pro Leu 
Met Met 
He Pha 
Val Gly 
Val Glu 
Glu Val 
Ala Glu 
Val Vai 
Ala Leu 
Val Tyr 
Leu Pro 
Pro Val 
Pro Glu 
Tyr Trp 
Glu Gly 
Phe Gly 
Ala Thr 
Gin Gly 
Gly Leu 
Gly Val 



Leu Ala 
Arg Bis 
Leu His 
Lys His 
Ser Thr 
Asn Thr 
Ala Met 
Asp Leu 
Thr Arg 
Asp Leu 
Leu Gly 
Gly Glu 
Lys Tyr 
Arg Val 
Val Glu 
Asp Glu 
Asp Phe 
Ala Glu 
Ser Val 
Tyr He 
Val Lys 
Gly Ala 
Asp Arg 
Glu Ala 
Ser Gly 
Leu Leu 
Gin He 
Thr Val 
Ala Ser 



Leu Phe. Leu 
Leu Pro Asn 
Leu Leu Lys 
Gly Pro Leu 
Pro Glu Leu 
Arg Phe Gin 
Val Pro Phe 
Leu Asn Ala 
Lys Phe Leu 
Thr Glu* Glu 
Glu Ala Glu 
Tyr Ser Leu 
Glu Lys Arg 
He Lys Lys 
Gly Glu Val 
Thr Met Glu 
Phe Ser Ala 
Leu He Asn 
Val Gly Lys 
Arg Ala He 
Arg Lys Cys 
Leu He Leu 
Pro Ser Glu 
Gly Pro Leu 
Arg Arg Met 
Ala Ser Leu 
Leu Lys Gly 
Pro Arg Ala 
Lys Leu Leu 



Bis Leu 
Pro Pro 
Asp Lys 
Phe Ser 
Phe Lys 
Thr Ser 
Gly Pro 
Thr. Thr 
Arg Val 
Leu Leu 
Glu He 
Thr Asp 
He Asp 
Arg Arg 
Ser Gly 
He Lys 
Gly Thr 
Asn Pro 
Asp Arg 
Val Lys 
Thr Glu 
Phe Asn 
Phe Arg 
Asp Leu 
Cys Pro 
He Gin 
Gly Asp 
His Ser 
Ser 



Fig. 2 
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lotus corniculatus chalcone isomerase DNA sequence (SEQ ID No. 5) 

1 ATGGCTGCAT CCCTCACCCC AATCCAGGTC GAGAACCTTC AATTTCCTGC GTCTGTCACC 

61 TCTCCAGCCA CCGCCAAGTC TTATTTCCTC GGTGGTGCAG GGGAGAGAGG GTTGACGATT 

121 GAGGGGAAGT TCATAAAATT CACTGGCATA GGAGTGTATT TGGAAGATAC AGCAGTGGAT 

181 TCACTCGCCA CCAAGTGGAA GGGTAAGAGT TCACAAGAGC TGCAGGACTC CCTTGACTTC 

241 TTCAGAGACA TCATTTCAAG TCCCTCTGAG AAGTTAATTC GAGGGTCCAA GCTGAGGCCA 

301 TTGAGTGGCG TGGAGTATTC AAGAAAGGTG ATGGAGAATT GTGTGGCACA CATGAAGTCT 

361 GCTGGAACTT ATGGTGAAGC AGAGGCCACA GCCATTGAAA AATTTGCAGA AGCCTTCAGG 

421 AAGGTGGATT TTCCACCAGG TTCCTCTGTT TTCTACCGAC AATCAACAGA TGGAAAATTA 

481 GGGCTTAGTT TCTCTTTGGA TGACACGATA CCAGAAGAAG AGGCTGTAGT TATAGAGAAC 

541 AAGGCACTCT CAGAGGCAGT GTTAGAGACC ATGATTGGCO AGCATGCTGT. TTCCCCTGAT 

601 TTGAAGCGTT GTTTGGCTGA AAGGTTGCCT ATTGTGATGA ACCAGGGTCT TCTCCTCACT 

661 GGAAACTGAT 



lotus corniculatus cftalcone isomerase protein (SEQ ID No. 6) 



Met 


Ala 


Ala 


Ser 


Leu 


Thr Pro He Gin 


Val 


Glu 


Asn 


Leu 


Gin Phe 


Pro 


Ala 


Ser 


Val 


Thr 


Ser 


Pro 


Ala 


Thr Ala Lys Ser 


Tyr 


Phe 


Leu 


Gly 


Gly Ala 


Gly 


Glu 


Arg 


Gly 


Leu 


Thr 


He 


Glu 


Gly Lys Phe He 


Lys 


Phe 


Thr 


Gly 


He Gly 


Val 


Tyr 


Leu 


Glu 


Asp 


Thr 


Ala 


Val 


Asp Ser Leu Ala 


Thr 


Lys 


Trp 


Lys 


Gly Lys 


Ser 


Ser 


Gin 


Glu 


Leu 


Gin 


Asp 


Ser 


Leu Asp Phe Phe 


Arg 


Asp 


He 


He 


Ser Ser 


Pro 


Ser 


Glu 


Lys 


Leu 


He 


Arg 


Gly 


Ser Lys Leu Arg 


Pro 


Leu 


Ser 


Gly 


Val Glu 


Tyr 


Ser 


Arg 


Lys 


Val 


Met 


Glu 


Asn 


Cys Val Ala His 


Met 


Lys 


Ser 


Ala 


Gly Thr 


Tyr 


Gly 


Glu 


Ala 


Glu 


Ala 


Thr 


Ala 


He Glu Lys Phe 


Ala 


Glu 


Ala 


Phe 


Arg Lys 


Val 


Asp 


Phe 


Pro 


Pro 


Gly 


Ser 


Ser 


Val Phe Tyr Arg 


Gin 


Ser 


Thr 


Asp 


Gly Lys 


Leu 


Gly 


Leu 


Ser 


Phe 


Ser 


Leu 


Asp 


Asp Thr Ha Pro 


Glu 


Glu 


Glu 


Ala 


Val Val 


He 


Glu 


Asn 


Lys 


Ala 


Leu 


Ser 


Glu 


Ala Val Leu Glu 


Thr 


Met 


He 


Gly 


Glu His 


Ala 


Val 


Ser 


Pro 


Asp 


Leu 


Lys 


Arg 


Cys Leu Ala Glu 


Arg 


Leu 


Pro 


He 


Val Met 


Asn 


Gin 


Gly 


Leu 


Leu 


Leu 


Thr 


Gly 


Asn 



















Fig. 3 
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ID Mo. 


Primar 


Primar Sequence (5' to 3' ) ! 


13 


GPTV1 


Ttgtccagatagcccagtagctg 


14 


GPTV2 


Cgacaatctgatcatgagcggag 


15 


30035S 


C^caagacccttcctctatataag 


IS 


Gus2 


Gcatcacgcagttcaacgctg 


17 


152 


Ggaa acagct atgaccatgattac 


lfl 


160 


Aaggatccgtcgacatc 


19 


167 


Agtcccccatggtacgtcctgtagaaacc 


20 


168 


Cgttttcgtcggtaatcaccattcc 


21 


191 


T t 1 ccc agt cacgacgt t g fc 


22 


198 


Gacatcgataatacgac 


23 


248 


Tgctacctctagagaatttccccg 


24 


321 


ctaagcccc/taag/tattccatcaggt gatt 1 


25 


322 


ccaggtggaaaatta/cacat/gt/gcttgaaa/gagc 


26 


323 


tttgaaaagt/ctaat/aa/cgagggtca/gaag 


27 


324 


tactcaaggaaggtt /gatggag/aactgt/cgtgg 


28 


329 


cgcgagctcatgtaccccgggatttccactagtttaagggttaactacatggtcgacgta 
cata .,...„.,. 


29 


330 


agcttatgtacgtcgaccatgtagttaacccttaaactagtggaaatcccggggtacatg 
agctcgcgat 


30 


331 


aattcgagctcatgtaccccgggatttccactagtttaagggttaactacatggtcgacg 


31 


332 


ctagcgtcgaccatgtagttaacccttaaactagtggaaatcccggggtacatgagctcg 


32 


333 


catggatgcgtagttaagcct 


33 


334 


ctagaggcttacatacgca*tc 


34 


337 


Aattcatgtacgagctcaattcccccgggataggcactagtgctgctgttaactacatgg 
tcgacttattaa 


35 


338 


Aggtttaataagtcgaccatgtagttaacagcagcactagtgcctatcccgggggaattg 
agctcgtacatg 


36 


339 


Gaacaccatggtgcttgaacttgc 


37 


340 


Tccagtagggcccgaagggaaccattgccac } 


38 


341 


Ccttcgqgccctactgqaag 


39 


342 


Cagcgaact cgagcaaagtg 


40 


343 


Cactttgctcgagttcgctgaggatgagactatggagatcaaaatcaccaaggaccacat 
caagggtcttgttgtagac 


41 


344 


atgacgagctagcttattaagaaaggag 


42 


362 


ggtgtgtggggatccatggaagaggctttg 


43 


363 


cctcggctcgcgcctttcctcaacggtgaaaatgcagtcaacac 


44 


384 


caacaacccatgggtagtgttgaaabcccaacaaaggtgcttacc 


45 


385 


agcaactgct age ttatatttcateatcccaa agate 


4 0. 






47 


387 


aaactttgctagcttateagtttccagtgaggacfaagac 


46 


398 


gcttgttcggatccataagcagc ( 


49 


399 


tgcttatggatccgaacaagctcttggtgag^cttt jaatg 


50 


400 


cagccacatcaattggaaatg 


51 


401 


tcatttccaattgatgtggctgatctattgccatttgatgtaaaaggtgtgtgggaatcc 
atggaagaggctttgaga „..,, 


52 


402 


cacaagagctgcaggactcccttga 


53 


403 


gggagtcctgcagctcttgtgaac 


54 


624 


aqctgcgatcgcaagcttgqtaccgggaattctctaga 


55 


625 


aatttctagagaattcccggtaccaagcttgcttgicgatcgc 


56 


626 


tcgacccatggcccgctagccaattggagct i 


57 


627 


ccaattggctagcgggccatggg 


58 


640 


ccacccacgagggaacatc^t^ 


59 


641 


gaatteccatggtttaeactcgaggtcctctccaaatga 



Fig. 4 
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Fig.5 (Cont llll). 
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Ni JTRITIONALLY ENHANCED PLANTS metabolic pathways in differentiated tissues is recognised in 

£NU I KJ i luwixi * the ait as unreliable (Stafford H . A. ( 1 990) CRC Press, Boca 

canon EP22514M.6(med FeK^ ^ ^ ^ ^ ^ ^ yide novel planls 

herein incorporated by reference in their entirety. ^ increased levels of ^dinn 

„ ir?T _ ivrvrcxiTinM and/or daidzein derivatives. 

FIELD Or THb JN VfcN 1 1UIN |q ft ^ ^ ^ found ^ ^ sQ]ution tQ mis problem )ies 

in a process which selects a non-isoflavonc producing plant or 
The present invention relates to the field ot improving ^ thereof comprising both active anthocyanin and flavonoi 
nutritional content in plants. More particularly the invention patnways alters said plant to increase the enzyme activity 
relates to the modification of selected plants to improve their of cnaJcone reductase and isoflavone synthase therein, 
content of oestrogenic compounds and to the plants and plant l$ M ^ ^ of filmg . ( was nQl knQwn l|ffl| |hfi selection of 
derived products obtainable therefrom. fl non _i so fl av0 ne producing plant comprising both active 

anthocyanin and rlavonol biosvnthetic pathways in combina- 
BACKGROUND TO THE INVENTION {[Qn with an jncrease in tnese s - pecific enzyme activities could 

be used to provide plants with increased levels of daidzein 

Isoilavones are a group of oestrogenic compounds which 2 o and/or derivatives thereof, 
belong to the flavonoid class of plant secondary metabolites. 

These compounds are produced naturally in certain plants Definition of Terms AUxith „ 

expressing the enzyme isoflavone synthase and in particular A non-isoflavone producing plant is suitably defined by the 

bSnbusS absenseofisoflavones^ 

piSS^evnl advantaged including the facilitation of ami- 25 ^ Issues of me plant unable ^J^^^^J^ 

microbial plant defences and establishing bacterial or fungal absence of isoflavone synthase activity can be determined by 

Sbioseswithin plants as well aiding nitrogen fixation in achieving a negative result m a R ? ft ^^^ a !^ - 

dules disclosed in Jung etal., (Nature Biotech. Vol. 18Feb.2000p. 

S " . t . r « . i . 208-212) incorporated herein by reference. 

In addition to the advantages that M ^ term -ptatf or part taoT is used herein to refer to an 

todid*y P~ 30 entire ]ant 0 P r differed group of cells forming a part 

benefifctohum^^ ^ ereof P Apart of a plant for theVuipose of the invention may 

believed to be effective at reducing the risk of cancer and ^ ^ ^ ^ ^ ^ flowerSj ^ 

cardiovascular disease. The expression 'increasing^ is used in comparison to an 

At present, in the human diet the only sources ot isoMa- ivalent unmodified plant or part thereof and may be on. an 

vones are certain legumes, such as soybean or chickpea, boy absolme ^ weight basis or in re i ative terms. Except for the 

constitutes by far the major dietary source, however supple- modifications illtro duced by the process of the invention, this 
mentation of food products with soy or soy-extracts may iva|ent , ant is gene tically identical thereto, 

adversely affect the flavour profile. It would therefore be ^ Daidzein as ^ herein is token to compr jse 7,4'-dihy- 

desirabletoextendtherangeofplantsorplanttissnescapable d isoflavone . Derivatives of daidzein are taken to com- 
of providing an effective source of isoflavones to the human > ^ molecules wnich resu|t from the cellular bio- 

dietandmparticularasourcewhichdoesnotadverselyarTect modification of daidzein. Preferably a daidzein 

the flavour profile of a product. derivative is selected from the group comprising pterocarpans 

WO 00/5377 1 teaches that to form the isoflavone daidzein e g me dicarpin, glyceollin, isoflavanones e.g. vestitone, 
in transgenic plants that do not possess an isoflavonoid path- ^ jotenoids e.g. munduserone. isoflavans e.g. vestitol, a-meth- 

way and thus do not produce isoflavones in nature, it would be yldeoxybenzoins e.g. angolensin, 2-arylbenzofurans e.g. cen- 

necessary to introduce therein three new genes, namely chal- troiobofuran, isoflavonols e.g. 7,2 , -dihydroxy-4 , -melhoxy- 

cone reductase (CHR) to co-act with chalcone synthase jsoflavonol, isoflav-3-enes e.g. haginin, 3-arylcoumarins e.g. 

(CHS) to form 2\4\4Mrihydroxychalcone, a suitable chal- glysyrin, coumestans e.g. coumestrol, coumaronochromones 
cone isomcrasc (CHI) to convert ^'^-trihydroxychalcone ^ Q g lupinalbin, coumaranochromene e.g. pachyrrhisomene. 
to liquiritigenin. and isoflavone synthase (1FS). Derivatives of daidzein may also result from one or more 

The applicants have now found that the approach disclosed chemical processes selected from the group comprising 

in WO 00/53771 does not allow the formation of daidzein in mc thyIation, glycosylation, prenylation and ether linkage, 
respect of many plants. Furthermore the applicants believe ,\ pjam 0 r part thereof that is active in anthocyanin biosyn- 
that the transformation of the tomato plant as exemplified in 55 lhes j s nas ^ anthocyanin pathway and is taken to 

example 3 of WO 00/53771 is most unlikely to produce comprise a tissue which comprises mRNA encoding one or 

tomatoes with increased levels of daidzein as purported to be more cnzymes selected from the group comprising dihy- 

achieved therein. droflavonol reductase, proanthocyanidin synthase, and UDP- 

Studies carried out by Yu et al., (Production of isoflavones glucose: flavonoid-3-O-glucosyltransferase. 
genistein and daidzein in non-legume dicot and monocot w for the purpose of the present invention active anthocyanin 

tissues. Plant Physiol. 2000 124:781 -793) applied transcrip- biosynthesis may be determined in a plant tissue by a spec- 

tion factors CI and R with the co-introduction of CHR and trophotometric test wherein absorbance of a hydrolysed plant 

IFS into non-differentiated Black Mexican Sweet (BMS) extract at *.vis-max 480-560 nm is indicative of an active 
maize cultures . This approach yielded only trace elements of anthocyanin pathway. Plant tissues are ground in liquid nitro- 
daidzcin in a single celj line. 65 gen and extracted with 80% (v/v)ethanol at 100mg/700ul for 

The use of this single cell system in drawing any conclu- 30 min at room temperature (-22/C). Following extraction 

sions relating to enzymology and regulation of secondary the cell debris is removed by filtration through a 0.45 nm 
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Millex_HV filter unit (Millipore Corp, USA). The ethanol 
extract (360 ul) is mixed with 12M HC1 (40 ul). The acidified 
ethanol extract is assayed by spectrophotometer and absor- 
bance determined as A Xwj . ma » 4 8o-5«w witn tfte A es7 sub- 
tracted. 

It is preferred that a plant or the part thereof that is active in 
anthocyanin biosynthesis contains more than 10 rag/kg fresh 
weight anthocyanin, more preferably at least 100 mg/kg, 
further preferred at least 1 000 mg/kg and most preferred from 
1 000 to 1 0,000 mg/kg fresh weight. Suitably this is calculated 
from absorption values according the formula 
C=A*MW* 1 0 3 *DF/(e* 1 ) in which C refers to concentration, 
A refers to absorption (as defined above); MW is molecular 
weight; DF is dilution factor; e is molar extinction coefficient 
(29,600 for cyanidin 3-glucoside the major anthocyanin in 
nature) and 1 is the path length. 

A plant or part thereof which is active in flavono) biosyn- 
thesis has an active flavonoi pathway and is taken to comprise 
any tissue which comprises mRNA encoding one or more 
enzymes selected from the group comprising chalcone syn- 
thase, chalcone isomerase, flavanone 3-hydroxylase, flavonoi 
synthase. 

For the purpose of the present invention whether a plant is 
active in flavonoi biosynthesis may be determined by prepar- 
ing a hydrolysed tissue extract and detection by HPLC analy- 
sis. 

For extraction, tissues are harvested and flash frozen in 
liquid nitrogen before being stored at -80° C. The tissues are 
then ground to a fine powder to ensure a homogeneous mix. 
An aliquot from this mixture is then extracted for 30 min at 
room temperature (-22° C.) in 80% (v/v) ethanol at 100 
mg/700 ul. Following extraction, the cell debris is removed by 
filtration through a 0.45 um Mi Ilex -I IV filter unit (Millipore 
Corp, USA). The filtrate is stored at -20° C. prior to HPLC 
analyses. 

For hydrolysed extracts, 40 pi of 1 2M HC1 is added to 360 
ul from each tissue extract, before incubating at 90° C. for 40 
min. 

After hydrolysis, an aliquot from each extract is filtered 
through a 0.2 um PTFE disposable filter (Whatman). The 
filtrate (20 ul) is injected into the HPLC system (HPU00, 
Agilent) via an autosampler maintained at 4° C. The analyti- 
cal column (Prodigy Phenyl-3, 4.6x150 mm, particle size 5 
um, (Phenomenex) is held at 30° C. Detection is by diode 
array, monitoring at 262, 280, and 370 nm. Observed peaks 
are scanned from 21 0-550 nm to obtain spectra. Chemstation 
software (Rev. A. 8. 03) was used to control the system and 
collect and analyse data. 

Absorbance spectra (corrected for baseline spectrum) and 
retention time of peaks are compared with those of commer- 
cially available flavonoi standards to determine whether the 
plant tissue is active in flavonoi biosynthesis. 

It is preferred that a plant or the part thereof that is active in 
flavonoi biosynthesis contains at least 10 mg/kg fresh weight 
of flavonoi, preferably at least 100 mg/kg more preferred at 
least 1000 mg/kg, most preferred from 1000 to 10000 mg/kg. 

A 'functional equivalent* nucleotide sequence is any 
sequence which encodes a protein which performs the same 
biological function. 

According to another embodiment, a functionally equiva- 
lent nucleotide sequence shows at least 50% identity to the 
respective DNA sequence. More preferably a functionally 
equivalent DNA sequence shows at least 60%, more preferred 
at least 75%, even more preferred at least 80%, even more 
preferred at least 90%, most preferred 95-100% identity, to 
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the respective DNA sequence (DNAStar MegAlign Software 
Version 4.05 and the Clustal algorithm set to default param- 
eters). 

According to a further preferred embodiment a function- 

5 ally equivalent sequence shows not more than 5 base pairs 
difference to the respective DNA sequence, more preferred 
less than 3, e.g. only 1 or 2 base pairs different. 

According to another embodiment a functionally equiva- 
lent sequence is capable of hybridising under low stringent 

io (2xSSC, 0.1% SDS at 25° C. for 20 min) conditions to the 
respective sequence, more preferably a functionally equiva- 
lent sequence is capable of hybridising under medium strin- 
gent conditions (lxSSC, 0.1% SDS, 25° C. for 20 min), 
further preferred a functionally equivalent sequence is 

1 5 capable of hybridising under high stringent conditions (0. 1 x 
SSC, 0.1% SDS, 25° C. for 20 min). 

Preferably an equivalent DNA sequence is capable of tran- 
scription and subsequent translation to an amino acid 
sequence showing at least 50% identity to the amino acid 

20 sequence encoded by the respective DNA sequence. More 
preferred, thearaino acid sequence translated from an equiva- 
lent DNA sequence has at least 60%, more preferred at least 
75%, even more preferred at least 80%, even more preferred 
at least 90%, most preferred 95-100% identity to the amino 

25 acid sequence encoded by the respective DNA sequence 
(DNAStar MegAlign Software Version 4.05 and the Clustal 
algorithm set to default parameters.) 

BRIEF DESCRIPTION OF THE INVENTION 

.10 

It has now been found that novel plants which comprise 
significantly increased levels of daidzcin and/or daidzcin 
derivatives may be provided by a plant or part thereof which 
has both active anthocyanin and flavonoi pathways and has 

35 been genetically modified to increase the enzyme activity of 
CHR and IFS therein. 

It is a therefore a first object of the invention to provide a 
genetically modified plant or part thereof comprising daid- 

^ zein and/or derivatives thereof, wherein said plant or part 
thereof is active in flavonoi and anthocyanin biosynthesis and 
comprises one or more nucleotide sequences encoding chal- 
cone reductase and one or more nucleotide sequences encod- 
ing isoflavone synthase. 

4 5 Particular advantage has been found to result from geneti - 
cally modifying said plant to also increase the activity CHI. 
wherein production of daidzcin in the tissues concerned 
showed a 90 fold increase over the modification to increase 
CHR and IFS activities alone. This additional benefit has been 

50 found to be dependent on the selection of a CI II isoform 
which is capable of catalysing the conversion of 4,2',4 , -trihy- 
droxychalcone to 7,4'-dihydroxy flavanone (liquiriiigenin). 
Suitable CHI's are obtained from leguminous plants. At some 
1 5 times (on a dry weight basis) the level of daidzein present 

55 in conventional soy this result represents a significant 
improvement to the art. This result is surprising and clearly 
demonstrates a synergy from a combined increase in these 
three enzyme activities where active anthocyanin and fla- 
vonoi pathways are present in a plant. . 

w A first embodiment of the invention therefore comprises a 
genetically modified plant or part thereof as described above, 
further comprising one or more nucleotide sequences encod- 
ing a chalcone isomerase capable of catalysing the conversion 
. of 4,2\4MrihydroxychaIcone to 7,4'-dihydroxyflavanone. 

65 A further embodiment of the invention comprises a geneti- 
cally modified plant or part thereof as described above 
wherein said one or more nucleotides sequences comprise 
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sequences according lo sequence identification numbers 1 
and 3, or functional equivalents thereof 

In the preferred instance where the synergistic advantage 
of an additional CHI increase is sought, the invention relates 
to an embodiment wherein said one or more nucleotides 
sequences comprises sequences according to sequence iden- 
tification numbers 1, 3 and 5, or a functional equivalents 
thereof. 

In a further embodiment the invention relates to a geneti- 
cally modified plant or part thereof as described above 
wherein said plant or part thereof is selected from the group 
comprising, but not restricted to, tobacco, Laciuca sp. : broc- 
coli, asparagus, red cabbage, potato, spinach, rhubarb, red 
onion, shallot, aubergine, radish, Swiss chard, purple basil, 
watermelon and berries. 

Plants or parts thereof modified in accordance with the 
invention to increase their content of daidzein anaVor daidzein 
derivatives are particularly advantageous for providing health 
benefits associated with increased dietary uptake of isofla- 
vones. Plants or parts thereof may therefore be used either in 
their natural state or prepared as a extract to treat disease 
states or induce health benefits as a preventative agent or by 
counter acting the ageing process . 

A second object of the invention therefore provides an 
extract of a plant as described above wherein said extract 
comprises'daidzein or derivatives thereof. 

A third object of the invention provides on extract as 
described above for use as a medicament. In a preferred 
embodiment and extract according to the invention may be 
used in the treatment and/or prevention of one or more con- 
ditions selected from the group comprising, osteoporosis; 
cancer; menopausal and post menopausal symptoms com- 
prising hot flushes, anxiety, depression, mood swings, night 
sweats, headaches, unrinary incontinence; pre-menstrual 
syndromes comprising fluid retention, cylical mastalgia, dys- 
menorrhoea; heart disease atherosclerosis; hypertension; 
coronary artery spasm; high cholesterol; Alzheimer's dis- 
ease; impaired cognitive function; inflammatory diseases 
comprising inflammatory bowel disease, ulcerative colitis, 
Crohn's disease; and rheumatoid arthritis. 

Cosmetic benefits may also be gained from the use of an 
extract as described above in the treatment and/or prevention 
orone or more condi tions selected from the group comprising 
sunlight induced skin damage, skin wrinkling, loss of skin 
sensitivity, loss of skin firmness, acne, poor hair condition 
and baldness. 

These medical and cosmetic benefits are also provided by 
the use of the genetically modified plants or parts thereof 
according to the invention. Uptake of the daidzein and/or its 
derivative may be via oral or topical applications. 

For convenient dietary uptake of increased amounts of 
isoflavones a plant or part thereof according to the invention 
may suitably be incorporated into a food product or nutri- 
tional supplement. Hence, a further object of the invention 
provides for the use of a genetically modified plant or part 
thereof or of an extract as described in a food product or 
nutritional supplement. 

It is to be noted that unlike conventional soy derived 
sources of dietary isoflavones, daidzein and the derivatives 
thereof as provided by plants according to the invention may 
be incorporated into food products without adversely affect- 
ing the flavour profile of such products. In this way an addi- 
tional problem in the art is solved by the present invention. 

A further object of the invention is therefore to provide a 
food product comprising a genetically modified plant or part 
thereof according to the description above. Preferably a food 



1,556 B2 

6 

product according to the invention will be frozen to allow the 
content of daidzein and/or its derivatives to remain stable on 
storage. 

In a most preferred embodiment a food product according 
s to the invention is selected from the group comprising pre- 
packed mixed salads, soups, spreads, sauces, fruit/cereal bars 
and ice creams. 

A nutritional supplement comprising an extract of a plant 
or part thereof as described above is also provided by the 
10 present invention. 

It is a furtherobject of the invention to provide a process for 
increasing the content of daidzein and/or derivatives thereof 
in a plant or part thereof, wherein said process comprises the 
steps; 

15 (i) selecting a non-isoflavone producing plant wherein said 
plant or part thereof is active in anthocyanin and flavonol 
biosynthesis; 

(ii) genetically modifying said plant to increase the activity of 
chalcone reductase and isoflavone synthase in said plant or 

20 part thereof. 

In a first embodiment, the process of the invention further 
comprises genetically modifying said plant or part thereof lo 
increase the activity of a chalcone isomerase wherein said 
chalcone isomerase is capable of catalysing the conversion of 

25 4,2 , ,4 , -trihydroxychalcone to 7,4^dihydroxyflavanone. In 
this way the process achieves the synergistic increase in the 
content of daidzein and/or its derivatives. 

A further embodiment wherein the activity of chalcone 
reductase and isoflavone synthase are to be increased com- 

30 prises a process as disclosed above wherein one or more 
nucleotide sequences according to sequence identification 
numbers 1 and 3, or functional equivalents thereof are stably 
integrated into the genome of said plant. 
To achieve the desired increase in activity of chalcone 

35 isomerase a preferred embodiment comprises a process as 
disclosed above additionally comprising stably integrating 
into the genome of said plant one or more nucleotide 
sequence according to sequence identification number 5, or 
functional equivalents thereof. 

40 In a most preferred embodiment the process according to 
the invention relates to a plant or part thereof selected from 
the group comprising, but nol res tided lo, tobacco. Lactuca 
sp., broccoli, asparagus, red cabbage, potato, spinach, rhu- 
barb, red onion, shallot, aubergine, radish, Swiss chard, 

45 purple basil, watermelon and berries such as strawberries. 

DETAILED DESCRIPTION OF THE INVENTION 

A sequence encoding a biosynthetic enzyme for increasing 

50 the tissue content of daidzein and/or daidzein derivatives may 
be a genomic or cDNA clone, or a sequence which in proper 
reading frame encodes an amino acid sequence which is 
functionally equivalent to the amino acid sequence of the 
biosynthetic gene encoded by the genomic or cDNA clone. A 

55 functional derivative can be characterised by an insertion, 
deletion or a substitution of one or more bases of the DNA 
sequence, prepared by known mutagenic techniques such as 
site-directed mutagenesis or derived from a different species. 
For the performance of the present invention any nucle- 

60 otide sequences encoding an enzyme with the biological 
function of a chalcone reductase, isoflavone synthase or chal- 
cone isomerase may be used in the transformation of a suit- 
ably selected plant to increase these enzyme activities with 
said plant or part thereof. 

65 Biological function of a nucleotide sequence encoding a 
chalcone reductase can be assessed by a standard assay 
(Welle et a!., 1988 FUBS letter 236:221-225; Welle et a!.. 
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1991 EurJBiochem 196:423-430; Welle and Schroder, 1992 
Arch. Biochem. Biophys 293:377-381). Toobtain protein, the 
nucleotide sequence is sub-cloned into a prokaryotic expres- 
sion vector, such as pTZ19R (Pharmacia), and transformed 
into Escherichia coli. Selected E. coli clones harbouring the 5 
nucleotide sequences of interest are grown to a culture density 
of Agoo^O^-l before inducing expression with 1 raM isopro- 
pyl (5-D-thiogalctopyranoside (IPTG) for 2.5 hours. Follow- 
ing induction, bacteria are harvested by centrifugation and 
resuspended in 0.1M potassium phosphate, 0.6 mg/ml 10 
lysozyme and 1.2M EDTA and placed on ice for 45 min to 
lyse. The lysate is centriruged at 1 6000 g for 20 rain and an 
aliquot of supernatant used in the chalcone reductase assay 

Chalcone reductase activity is assayed in a final volume of 
1 20 ul, comprising 80 ul chalcone reductase protein extract, 15 
10 umol potassium phosphate pH 5.0, 0.12 umol NADPH, 1 
nmol 4-coumaroyl CoA, 1.5 nmol [2- M C] malonyl-CoA, 
22.2 fkat pure soybean CHS (-3 ug). Reactions are run for 60 
min at 30° C. before the reaction products are extracted in 
200 ul ethyl acetate. The organic phase is separated by cen- 20 
trifugation, concentrated in vacuo and separated by thin layer 
chromatography using 15% acetic acid (presence of chalcone 
isomerase) or CHCl 3 /acetic acid/water (10:9:1) (absence of 
chalcone isomerase). The identity of ff-deoxychalcone is 
established by co-chromatography with a reference sample. 25 

Suitable CHR encoding sequences already known in the art 
comprise; Alfalfa (Medicago saliva): accession numbers 
CHRla-X82366, CHRlb-X82367, CHR2a-X82368, CHR7- 
U13925, CHR12-U13924; Chickpea {Cicer arietinum) 
accession number AB024989; Soybean {Glycine max) acces- 30 
sion number X55730; Liquorice (Glycyrrhiza glabra) acces- 
sion numbers CHRa-D86558, CHRb-D86559; 

Alternatively suitable CHR encoding sequences may be 
isolated from other species. Sequence alignment of CHR's 
already known in the art, show two conserved regions Met- 35 
Pro-Val-Val-Gly-Met-GJy-Ser-Ala (Seq. ID No.7) and Ala- 
lle-Ile-GIu-Ala-lle-Lys-Gln (Seq. ID. No. 8) identified 
toward the 5* end of the coding sequence. Degenerate primers 
327 and 328 (see FIG. 4) are designed to each of these coding 
sequences respectively. Sequences encoding CHR are iso- 40 
lated by polymerase chain reaction using primers 327 and 328 
in conjunction witha dT, 7 primer and using a 3' cDNA library 
target. The resulting fragments were cloned into a pT7 vector 
and sequenced. Alignment of these sequences with those 

known in the art would allow provisional identification. To 45 g^^y^f D ~ a \ty ™the nelteTprimer set' 

^^'^^^^^^ mrSr^ 5TGTTTCTGCATTGCGTCCCAC-3' (Seq. ID. No. 1 1 
obtained using standard 5'RACE and 3 RACE procedures as 

disclosed in example 1 (1 .3.3). 

A nucleotide sequence encoding an enzyme with isofla- 

vone synthase activity may also be determined by a standard 

assay, wherein yeast microsomes are prepared from control 

WHT1 and strains expressing a cytochrome P450 cDNA 

according to the methods of Pompon et al., (Methods Enzy- 

mol. 272, 51-64). The assay is carried out according to Jung 

et al (Nature Biotech 2000, vol 1 8 February 200, p208-212). 

The protein content of each microsome preparation is assayed 

using the Bradford protein micro assay (Bio-Rad. Hecules. 

CA). From 30 to 1 50 ug of microsomal proteins are incubated 

at room temperature in 80 raM K 2 HPQ 4 , 0.5 mM glutathione. 



50 
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On the first column samples in ethyl acetate of candidate 
cDNA assays are isocratically separated for 5 min employing 
65% methanol as a mobile phase. For the second column 
samples are evaporated and resuspended in 80% methanol 
and then separated using a 10 min linear gradient from 20% 
methanol/80% 10 mM ammonium acetate. pH 8.3 to 100% 
methanol at a flow rate of 1 ml min" 1 or using 65% methanol 
as mobile phase for isocratic elution. Genistein and daidzein 
are monitored by the absorbance of 260 nm. Using authentic 
naringinen, liquiritigen, genistein and daidzein (Indofine 
Chemical, Somerville NI) dissolved in ethanol as standards 
for calibration peak areas are converted to nanograms. 

To confirm the identity of genistein and daidzein, samples 
are evaporated and resuspended in 25% acetonitrile in water 
and assayed on a Hewlett-Packard/Micromass f.C/MS by 
running 25 ul on a Zorbax Eclipse XDB-C8 reverse-phase 
column (3x1 50 mm 3.5 urn) isocratically with 25% solvent B 
(0.1% formic acid in acetonitrile) in solvent A (0.1% formic 
acid in water). Mass spectrometry is done by electrospray 
scanning from 200 to 400 m/e, using -6 volt cone voltage. 
The diode array signals were monitored between 200 and 400 
nm in both instruments. 

Suitable 1FS sequences already known in the art include 
Mung Bean accession numher AF 1 95807; Red Clover acces- 
sion number AF 195811; and Snow Pea accession number 
AF195812. 

Alternatively suitable IFS cDNAs may be isolated from 
other species. Jung et al. (Nature Biotech 2000, vol 18 Feb- 
ruary 200, p208-21 2) describe how mung hean sprouts and 
snow pea sprouts were obtained from the grocery store. Seeds 
for alfalfa, red clover, white clover, hairy vetch and lentil can 
be obtained from Pinetree Garden Seeds (New Gloucester, 
Me.) seeds for lupine cv. Russel Mix were obtained from 
Botanical Interests (Boulder, Colo.), and seeds for sugarbeel 
were obtained from a commercial source. 

Seedlings were grown and RNA prepared using TRIzol 
Reagent (Gibco BRL) and first-strand cDNA was prepared as 
described above. OligodT was used as the reverse transcrip- 
tion primer in all cases except with white clover for which 
random hexamers were used as the reverse transcription 
primer Polymerase chain reaction ampli faction was carried 
out using Advantage-GC cDNA polymerase mix (Clontech) 
using primer set one 5'ATGTTGCTGGAACTTGCACTT-3' 
(Seq ID. No. 9) and 5TTAGAAAGGAGTTTAGATG- 

two: 

5TGTTTCTGCATrGCGTCCCAC-3' (Seq. ID. No. 1 l)and 
S'-CCGATCCTTGCAAGTGGAACAC-^ (Seq. ID. No. 1 2) 
as follows: Mung bean and red clover PCR products ampli- 
fied using primer set one were cloned directly into pCR2. 1 . 

For white clover, lentil, hairy vetch, alfalfa, lupine, and 
beet a first PCR with primer set one was followed by a second 
primer set two, and the resulting fragments cloned. For snow 
pea, a first PCR with primer set one was followed by a second 
PCR with high annealing temperature (60° C.) using primer 
set one. The expected size product was gel purified and used 
as a template in a third PCR with the high annealing tempera- 
ture and primer set one. The resulting product was cloned into 
pCR2.1, All PCR fragments in pCR2.1 were sequenced. All 



20% (wt/vol) sucrose, pH 8.0 with 100 'uM naringenin or 60 alignments were carried out using DNAStar MegAlign soft 



100 uM liquiritigenen substrate and 40 nmol of NADPH 
added per each 100 ul of final reaction volume. Following 
incubation, reactions are extracted with ethyl acetate. 
Samples assayed on a Hewlett-Packard 1 100 series HPIC 
system using either a LiChrospher RP-C18 column (5 m 
250x3 mm) or a Phenomenexz Luna CI 8 (2) column (3 u; 
150x4.6 mm). 



ware version 4.05 and the Clustal algorithm set to default 
parameters. 

The coding regions for accession numbers AF 195807 
(mung bean). AF 1958 1 1 (red clover), and AF 1958 1 2 (snow 
pea) were amplified and cloned into pRS315-gal using "gap 
repair** and microsomes were produced and assayed as 
described above. 
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A nucleotide sequence encoding an enzyme with chalcone Suitable promoters, which may be homologous or heterolo- 
isomerase activity capable of catalysingthe conversion of gous to the gene (that is, not naturally operably linked to a 
4.2\4'-trihydroxychalcone to 7,4 , -dihydroxyflavanone may gene encoding an enzyme for flavonoid biosynthesis), useful 
be determined by a standard assay (Dixon ei al., 1982 Bio- for expression in plants are well known in art, as described, 
chem. Biophys Acta 715: 25-33; Moletal., 1985 Phytochem- 5 for example, in Weising et ah, (1988) Ann. Rev. Genetics 
istry 24: 2267-2269. Teraietal., 1996 Protein Expression and 22:421-477. Promoters for use according to the invention 
Purification 8:183-190). To obtain protein, the nucleotide may be inducible, constitutive, or tissue-specific or have van - 
sequence is sub-cloned into a prokaryotic expression vector, ous combinations of such characteristics, 
such as pET vectors (Invitrogen), and transformed into Useful promoters include, but are not limited to constitu- 
Escherichia coli. Selected E. coll clones harbouring the to tive promoters such as carnation etched ring virus (CERV) 
nucleotide sequences of interest are grown to a culture density promoter, caul iflower mosaic virus (CaM V) 35S promoter, or 
of Agoo^O.6-1 before inducing expression with 1 mm isopro- more particularly the enhanced cauliflower mosaic virus pro- 
pyl p-D-thiogalctopyranoside (IPTG) for 2.5 hours. moter, comprising two CaMV 35S promoters in tandem (re- 
Following induction, bacteria are harvested by centrifuga- ferred to as a "Double 35 S" promoter). These would have the 
tion and resuspended in 0.1 M potassium phosphate, 0.6 15 effect of increasing isoflavonoid levels throughout a plant, 
mg^ml lysozyme and 1 .2M EDTA and placed on ice for 45 Accordingly, the invention provides in a further aspect a 
min to lyse. The lysate is centrifuged at 1 6000 g for 20 min gene construct in the form of an expression cassette compris- 
and an aliquot of supernatant used in the chalcone isomerase ing as operably linked components in the 5'-3' direction of 
assay. transcription, one or more units each comprising a suitable 
Chalcone isomerase activity is assayed in a final volume of 20 promoter in a plant cell, a plurality of nucleotide sequences 
1 ml, comprising either 18.4 ujn telrahydroxy chalcone (nar- selected from the group comprising sequences encoding a 
ingenin chalcone) or 1 2.7 jig trihydroxychaicone (isoliquir- CHR and IFS and a suitable transcriptional and translational 
itigenin) substrate, chalcone isomerase protein extract, 5% termination regulatory region. More preferably said group 
(w/v) bovine serum albumin and 0.1 M potassium phosphate comprises sequences encoding CHR, IFS and a CHI capable 
buffer (pH5.8). Chalcone isomerase activity against both tri- 25 of catalysing the conversion of 4,2\4 , -trihydroxychalcone to 
and tetra-hydroxychalcone substrates is detected by a 7,4'-dihydroxyflavanone. 

decrease in absorption at 385 nm. The promoter and termination regulatory regions will be 

Suitable CHI sequences already known in the art comprise functional in the host plant cell and may be heterologous or 

those derived from; French bean (Pkaseolus vulgaris) acces- homologous to the plant cell and the gene. Suitable promoters 

sion number XI 6470; Kudzu vine (Pueraria montcma var. 10 which may be used are described above. 

fobata): accession number D63577 ; Soybean {Glycine max): The termination regulatory region may be derived from the 

accession number AF276302; Alfalfa {Medicago sativa): 3' region ofthc gene from which the promoter was obtained or 

accession number M9 10079; Garden Pea (Pisum sativum): from another gene. Suitable termination regions, which may 

accession number U03433. be used, are well known in the art and include Agrobacterium 

Alternatively the well-established correlation between 35 tumefaciens nopaline synthase terminator (Tnos), Agmbac- 

CHI function and structure enables suitable CHI sequences to terium tumefaciens mannopine synthase terminator (Tmas), 

be isolated from other sources. Numerous cloning strategies the rubisco small subunit terminator (TrbcS)and the CaMNV 

have been shown in the art to be effective at isolating CHI 35S terminator (T35S). Particularly preferred termination 

cDNAs and may be adopted by the person skilled in the art to regions for use according to the invention include the Tnos 

. identify alternative CHI encoding sequences. 40 and TrbcS termination regions. 

Shirley, B. W., et al ., (Plant Cell, Vol. 4, 333-347 1 992) Such gene constructs may suitably be screened for activity 

describes a PCR based approach to obtaining CHI cDNA by transformation into a host plant via Agrobacterium tume- 

from Arabidopsis wherein the identification of consensus faciens co-transformation and screening for daidzein levels, 

sequences for primer design as well as PCR reaction condi- 4S Conveniently, the expression cassette according to the 

tions are disclosed. Sparvoli, F. et al., (Plant Mol. Biol. 24: invention may be prepared by cloning the individual pro- 

743-755, 1994) describes the cloning of CHI from a cDNA moter/genc/terminator units into a suitable cloning vector, 

library by using heterologous Antirrhinum CHI cDNA Suitable cloning vectors are well known in the art. including 

probes. Grotewold E. et al., (Mol. Gen. Genet. (1994) 242: such vectors as pUC (Norrander et al., (1983) Gene 26:101- 

1-8) describes the isolation and characterisation of a maize 5Q 106), pF.MBf. (Dente et al.. (1983) Nucleic Acids Research 

gene encoding CHI. the cloning strategy and suitable primers. * \\ : } 645-1 699), pBLUESCRlPT (available from Stratagene). 

The literature outlined above clearly demonstrates thai cor- pGEM (available from Promega) and pBR322 (Bolivar et al., 

responding CHI sequences from other plants; alternative (1977) Gene 2:95-113). Particularly useful cloning vectors 

cloning strategies for other CHI genes; knowledge of consen- are those based on the pUC series. The cloning vector a Hows 

sus sequences for the generation of primers; appropriate PCR 55 the DNA to be amplified or manipulated, for example by 

conditions are known in the art. The person skilled in the art joining sequences. The cloning sites are preferably in the 

is therefore able to identify and use alternative CHI sequences form of a polylinker, that is a sequence containing multiple 

for the transformation according to the present invention. adjacent restriction sites, to allow flexibility in cloning. 

Gene constructs according to the invention cither comprise Preferably the DNA construct according to the invention is 

one or more nucleotide sequences encoding chalcone reduc- 60 comprised within a vector, most suitably an expression vector 

tase and isoflavone synthase, or comprise one or more nucle- adapted for expression in an appropriate host (plant) cell. It 

otide sequences encoding chalcone reductase, isoflavone syn- will be appreciated that any vector which is capable of pro- 
thase and chalcone isomerase depending on the magnitude of due ing a plant comprising the introduced DNA sequence will 

increase sought. be sufficient. 

The gene sequences of interest will be operably linked (that 65 Suitable vectors are well known to those skilled in the art 

is, positioned to ensure the functioning of) to one or more and are described in general technical references such as 

suitable promoters which allow the DNA to be transcribed. Pouwels et al., Cloning Vectors. A laboratory manual. 
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Flsevier Amsterdam (1986). Particularly suitable vectors A large body of evidence supports the cosmetic and I medi- 

SKheT. plasmid vectors. «1 health benefits that can be attributed to human dietary 

Transformation techniques for introducing the ONA con- consumption of isoflavones and in particular daidzein. These 

stmcts according to the invention into host cells are well include: activity as both estrogenic and anti-estrogewc agents 
^wninlheartandincludesuchmethodsasmicro-injection, 5 (Coward el al.. 1993; Martin, et . al.. 1996); anticancer effects 

usina polyethylene glycol, electroporatioru or high velocity associated with phytoestrogens activity' (Lee et al., 1991: 

ballislic^penetration A preferred method for use according to Adlercreutz et al.. 1991); anticancer effects associated with 

the present invention relies on Agrobacterium lumefaciens inhibition of several enzymes including DNA tojwisomemse 

mediated co-transformation. and tyrosine protein kinase (Akiyama, et a]., 1 987; Uckun, et 

Aflertransformationoftheplantcellsorplant,thoseplant to ah, 1995); suppression of alcohol consumption (Keung and 
cells or plants into which the desired DNA has been incorpo- . Vallee, 1 993; Keung et al., 1 995); antioxidant activity (Arora 
rated may be selected by such methods as antibiotic resis- etal., 1998; Tikkanenetal., 1998); mcreasmgteneremmer- 
tance, herbicide resistance, tolerance to amino-acid ana- alisation (Tomonaga et al .1992; Draper et al., 1997); and 
logues or using phenotypic markers. beneficial cardiovascular effects (Wagner et al., 1 997). 

Various assays within the knowledge of the person skilled is The present invention may be more fully understood by 

in the art may be used to determine whether the plant cell reference to the accompanying figures in which: 

shows an increase in gene expression, for example, Northern FIG. 1: shows the pea chalcone reductase DNA sequence 

blotting or quantitative reverse transcriptase PCR (RT-PCR). (SEQ ID No. 1) and its correspond! ng protein sequence (SEQ 

Whole transgenic plants may be regenerated from the trans- ID No. 2). 

formed cell by conventional methods. Such transgenic plants 20 FIG. 2: shows the soy isoflavone synthase DNA sequence 

having improved daidzein levels may be propagated and (SEQ ID No.3) and its corresponding protein sequence (SEQ 

crossed to produce homozygous lines. Such plants produce ID No. 4) 

seeds containing the genes for the introduced trait and can be FIG. 3: Lotus cormcuhtus chalcone isomerase UNA 

erown to produce plants that will produce the selected phe- sequence (SEQ ID No. 5) and its corresponding protein 

notvpe ^ 25 sequence (SEQ ID No. 6) 

Plants or parts thereof which have been modified in accor- FIG. 4: provides primer sequences used in accordance with 

dance with the present invention may be the used as a source the invention. M1<rM dco dcc 

ofdaidzeinand/oroneormoreofitsderivativesintheformof FIG. 5: illustrates Plasmid maps of pPV5LN pPE2,pPfc5, 

an enriched extract or a substantially pure form. P PE9, pPElKpPEI5, pPE51 P PE120 and P PE125, 

Food products which comprise the plants, plant parts or 30 FIG. 6: illustrates GC-MS analysis of tobacco petal 

extracts thereof in accordance with- the present invention extracts from representative tobacco transfomants, pPblZW 

enable the consumer to take lull advantage of the health 24, pPE120/26 and P PE51 spiked withan authentic daidzein 

benefits associated with increased isoflavone uptake while at standard. A. Peak with retention time ^^f^f/^ 

the same time avoiding the adverse flavour associated with authentic daidzein (RT=19.6p) is present I P PE120/24 and 

soy derived isoflavones in the prior art. 35 P PE120/26 transformants. B. Selected ion monitoring of 

Salad leaves are particularly suited to genetic transforma- pPE120/24 and P PE51/9 spiked with an authemtc da.dzein 

tion by the process of the invention and therefore species of standard shows characteristic peaks in pPF.l 2(V24. 

lettuce (Lactuca sp.) such as Lactuca sativa e.g. 'Red Oak FIG. 7: illustrates accumulation of daidzein in petal tissue 

Lear 'Red Leprechaun'; Lactuca sativa group Butterhead from tobacco transformants harbouring constructs encoding 

lettuceeg Mira Redcross; Lactuca sativa group Cos lettuce 40 chalcone reductase and isoflavone synthase (pPE 120) actm- 

e g 'RomaineRedCos', Four Seasons Red', Seville; Lactuca titeswith controls ( P PE51).Ethanol extracts from petals were 

sativa group Crisp lettuce e.g. 'Red Salad Bowl', Red hydrolysed and analysed by HPLC. . 

Grenoble' ; lactuca sativa group Cutting lettuce e.g. 'Lollo FIG. 8: illustrates accumulation ot daidzein in petal tissue 

Rosso' Revolution transformed in accordance with the from tobacco transformants harbouring constructs encoding 

present invention provide a ideal means of supplementing 45 chalcone reductase, chalcone isomerase and isoflavone syn- 

dietary needs and may be provided washed and pre-packed to thase ( P PE125) activitites with controls (pPE5l ). Etoanol 

the consumer. extracts from petals were hydrolysed and analysed by HPr .C. 

Fruit containing snack bars or breakfast cereals provide a 

convenient means of supplementing the human diet with ,,h * 

isoflavones. Fruit pieces derived from a plant according to the 50 

KttaMiriilydricdtofian I0to90°/o,prefcrably 20 cDNA Cloning of Chalcone Reductase, Chalcone 

to 6m, most preferably about 40% of their fresh weight to Isomerase and sflavone Synthase and the 

give shelf stability and incorporated into a bar or cereal prod- Generation and Analysis of Transgenic M tabacum 
uct. 

Fruits with high levels of daidzein and/or daidzein deriva- 55 j j p lailt Material 

tives in accordance with the invention are also be ideally A] j experiments can be performed using normally avail- 

incorporated into yoghurts and ice creams or to flavour fruit ab j e lo fc acco {Wcotiana tabacum) genotypes as the starting 

drinks. material. ;V. tabacum cultivar SRI is such a genotype. Plants 

Suitable fruits for these food products would include rasp- of v tabacum cultivar SRI were grown in controlled tem- 

berries, strawberries, blackcurrants, red currants, blueberries 60 p erature growth rooms with a 1 6-hour photoperiod at a tem- 

and blackberries. perature of 25° C. 

Plants or pans thereof which have been genetically modi- 
fied in accordance with the present invention may also pro- I 2 Bacterial Strains 

vide a source of an extract rich in daidzein and/or its deriva- Escherichia coii strain XU -Blue: recA 1 , endA I gyrA96 
tives or a purified form thereof for inclusion in products such 65 thi-l, hsdR17, supE44, relAI lac [FproAB laCFZAMlS 

as nutritional supplements, calorie controlled drinks and low TnlO (TeT)l (Stratagene Europe, The Netherlands) Transform 

fat spreads n*" 011 ofE ' 0011 *L1-Blue was performed using the method 
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of Hanahan (1983). Agrobacterium mmefaciens LBA4404 units Taq DNA polymerase, 0.25 units pfu turbo DNA poly- 

(HoeremTl9ST ra n!formation oUgwboCerium tumefa- memse. Cycling conditions were; f cycles of 94° C. for 30 

SSL performed according to Shen and Forde seconds, 55° C. for 30 seconds 72° C. 2 — s ^The mma. 

# i OftoV denaturing step was extended to 2 minutes. 1 ul of this PCR 

t 1 J * J) ' 5 reaction was re-amplified with 5'R, primer and R, as before 

1 .3 Gene Cloning with cycling conditions: 30 cycles of 94° C. for 30 seconds, 

t 3 1 Total RNA Isolation 55° C. for 30 seconds, 72° C. I minute. The initial denaturing 

' RNA was isolated from Lotus corniculatus (Lotus), G/y- step was extended to 2 minutes. 

cine max (soybean), Pisum sativum (pea) and Medicago } 3 4 lso , alion and cloning of Amplified Products 
sativa (alfalfa) leaf tissue using a Purescnpt RNA isolation kit 10 Fra ls generated by PC R were analysed on an ETBr- 

(Pharmacia) according to manufacturer's instructions. ] 2% TgE (45 mM Tris _ bora te, x mM EDTA) gel. 

1 3 2 cDNA Synthesis DNA fragments were isolated from the gel using a Gibco- 

5* cDNA library construction: 2 ug of RNA isolated from BRL gel extraction kit according to manufacturer's instruc- 
either Lotus, soybean, pea or alfalfa tissue was heated to 65° {$ tions and cloned into a pT7 TA cloning vector (Novagen). 

C. for 10 nunutes, then snap cooled on ice. The RNA was jwstina DNA with Restriction Enzymes 

revers^^ }3 ^^^^ 2not ^^^^ 

?r*t ^R^o S SSISpdT^ d™ with 10 uXof each approbate restriction enzyme (Roche) 

Gibco BRL) 30 i ^TPs £ ^asm (RoS «d 50 in the recommended buffer* 37°C. for 2 hours. Digests were 

Crpunrkd using a Gibco-BRL per purification kit (accord- meats were excised and purified usmg he Oibco-BRL gel 

£g^ The purified cDNA was extraction kit according to manufacturer's instructions, 

then poiyA tailed in 50 ul of lx tailing buffer (Roche), i mM ]. 3.6 Construction of Synthetic Linkers 
DATP (Roche), 1 unit terminal transferase (Roche) at 37° C. M } ^ of gense ^ ant i -sensc oligonucleotides were 

for 5 minutes then denatured at 80° C. for 1 5 ™™ te s- annealed together by heating to 94° C. for 5 minutes in 1 x 

3' cDNA library construction: 2 ug of RNA isolated from Hgation buf f er then cooled to room temperature over a 

either Lotus, soybean, pea or alfalfa tissue washeated to 65° d of 3Q minutes 
C for 10 minutes, then snap cooled on ice. The RNA was 

reverse transcribed in a 20 ul reaction for 90 minutes at 42° C. 3Q 1 .3.7 De-Phosphorylation of DNA Fragments 

using 10 units of stratascript in IxRT buffer 30 mM dNTPs, Vector DNA fragments were incubated in 50 ul of 1 xsip 

0.1M DTT. 1 U/uJ Rnasinand 5 pmoles oligo dl 17 . (Roche) buffer with 0.5 units shrimp intestinal phosphorylase 

. . „ . (Roche) at 37° C. for 1 5 minutes and ihen denatured at 80° C. 

1 .3.3 PCR .Amplification £°r ~{ 1 

Library PCR amplification: Song of 3' cDNA was PCR 5 mmutes ' 

amplified in 50 uJ of 1 xPCR buffer (Roche), 20 mM dNTPs 35 ) 3.8 Sub-Cloning into Vectors 

25 pmoles 5' primer, 25 pmoles 3' primer, 2.5 units Taq DNA DNA f ragments 0 f interest were ligated into appropriate 

polymerase (Roche), 0.25 units pfu turbo DNA polymerase vectors m a ra1 i 0 of 5: 1 in a final volume of 20 ul containing 

(Stratagene). Cycling conditions were; 30 cycles of 94° C. for } x |ion buffer (R ocne ), 2 units of T4 DNA ligase (Roche) 

30 seconds, 55° C. for 30 seconds, 72° C. for 2 minutes, using B| 4 _ go c fof } 6 hours 

a Perkin Elmer PCR machine. The initial denaturing step (94° 40 ^ 

C.) was extended to 2 minutes. 1 3.9 Preparation and Transformation of Competent E. col, 

Vector PCR amplification: 1 ng of a vector was PCR ampli- To prepare competent cells a culture oi XL1 -Blue (from a 

fied in 50 uJ of 1 xPCR buffer (Stratagene), 20 mM dNTPs 25 smg ie colony) was grown up overnight at 37° C, 225 r.pjn. in 

pmoles 5' primer, 25 pmoles 3' primer, 5 units pfu turbo DNA 1 0 ml Lennoxbroth containing 12.5 jig/ml tetracycline. 1 ml 

polymerase. Cycling conditions were; 30 cycles of 94° C. for 45 from this overnight culture was transferred into 100 mis of 

30 seconds, 55° C. for 30 seconds, 72° C. for 2 minutes. The fresh, pre-warmed, Lennox broth and cultured for a further 2 

initial denaturing step (94° C.) was extended to 2 minutes. hours until the ODeoo was m ran 8 e 03 to °' 6 ' ^ e cells 

5' Rapid Amplification of cDNA Ends (5'race): 50 ngof 5* were then recovered by cenlrifugation at 4500 g for 10 min- 

cDNA was complemented in 50 ul of 1 xPCR buffer, 20 mM u tes at 4° C. The cells were washed in 50 mil 00 mM CaCl 2; 

dNTPs. 5 pmoles oligo dt l7 , 1.25 units Taq DNA polymerase, 50 be fore resuspending in a final volume of 5 ml 100 mM CaCl 2 . 

0. 1 25 units pfu turbo DNA polymerase. Conditions were 94° The cells were then placed on ice for 1 hour. 

C. for 2 minutes, 42° C. for 2 minutes, 72° C. 45 minutes. The Transformations were performed as follows: One-fifth 

cDNA was amplified by adding the following; 25 pmoles 5' (4 ^ D f t h e ligation reaction was added to 200 ul competent 

R 0 primer, 25 pmoles primer R^ 1.25 units Taq DNA poly- ce i| s . The mixture was incubated on ice for 30 minutes then 

merase, 0. 1 25 units pfu turbo DNA polymerase to the reverse 55 heat shocked at 42° C. for 40 seconds. 300 ul of 2 YT was then 

transcription reaction. Cycling conditions were; 30 cycles of ac Ued to the mixture before incubating at 37° C, 225 r.p.m. 

94°C. for30seconds,55° C. for30seconds, 72° C. 2 minutes. f or 30 minutes. The transformations were then plated out on 

The initial denaturing step was extended to 2 minutes. 1 ul of Lennox agar containing 100 ug/ml carbenicillin or 50 ug/ral 

this PCR reaction was re-amplified in 50 ul of 1 xPCR buffer, kanamyicin and incubated at 37° C. overnight. 

polymerase. Cycling conditions were; 30 cycles of 94° C. for Positive transformants were identified by amphfyingpNA 

30 seconds, 55° C. lor 30 seconds, 72° C. 30 seconds. The from a single colony ,n a 50 ul nation ™«g Jtoe fol- 

initial denakiring step was extended to 2 minutes. lowing mixture, Ixpcr buffer. 0.2 mM dNTPs 25 pmoles 5 

TRa P id.^pHfic?.ionofcDNAEnds(3'race).50ngof3- 65 primer . 25 pmoles 3' primen 

cDNA was amplified in 50 |U of IxPCR buffer. 20 mM Cyclmgcondmonswere94°C for 30 seconds. 55 C. lor 30 

dNTPs 25 pmoles 5Hl 0 primer, 25 pmoles primer K 0 , 2.5 seconds. 72°C. I minute, for 30 cycles. Ilie .n.t.al denaturing 
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step was extended to 2 minutes. The per amplifications were 
then analysed on EtBr-1.2% agarose TBE gels. 

1 .3.11 Extraction and Purification of Plasmid DNA 

Selected colonies were grown up overnight in 50 mis of 
2TY broth containing either 100 ug/ml carbenicillin or 50 
u,g/ml kanamycin (as appropriate) at 225 r.p.m. at 37° C. The 
cells were recovered by centrifijgation at 4500 g for 10 min- 
utes at 4° C. The bacterial pellet was resuspended in 4 ml of 
solution 1 (25 mM Tris.Cl pH8.0, 10 mM EDTA), then 8 ml 
of solution 2 (0.2N NaOH, 1% SDS) was added, and left at 
room temperature for 5 minutes to lyse the cells. 6 ml of 
ice-cold solution 3 (3M potassium, 5M acetate) was added 
and the mixture incubated on ice for 1 5 minutes. The bacterial 
lysate was then centrifuged at 1 5000 g, 4° C. for 20 minutes, 
and the supernatant was filtered through 4 layers of miracloth 
(CalBiochem). 10 mis of Isopropanol was added to precipi- 
tate the DNA and the precipitate spun for 1 5 minutes at 1 5000 
' g at room temperature. The pellet was resuspended in 1 ml of 
TE (10 mM Tris.Cl pH7.6, i mM EDTA) with 10 ug/mi 
RNase A and incubated at 50° C. for 30 minutes to remove 
contaminating RNA. The solution was extracted twice with 
an equal volume of phenol/chloroform (1:1) then once with 
an equal volume of chloroform. The DNA was re-precipitated 
with 0.1 volume 3M NaAc pH5.2 and 0.7 volume isopro- 
panol, then spun for 5 minutes at 10000 g, at room tempera- 
ture. The pellet was washed in 70% ETOH then air dried and 
resuspended in TE at a final concentration of 1 ug/ul 
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1 .4 Vector Construction 

Expression vectors were generated containing chalcone 30 
reductase (CHR), chalcone isomerase (CHI) and isofiavone 
synthase (IFS) cDNA's from Pisum sativum, Lotus comicu- 
fatus and Glycine max respectively. CHR. CHI and IFS trans- 
genes were placed under the control of the double 35s pro- 
moter to give high levels of expression in tobacco tissues. 

1 .4.1 Construction of Plasmid pPVSLN 

To construct pPVSLN, pUC19 was modified as follows. 
Firstly, plasmid pPV3 was constructed by removing the Hin- 
dlll/EcoRI multiple cloning site from pUCl 9 and replacing it 
with a synthetic DNA fragment, destroying the original 
EcoRI and Hindlll sites and introducing Sgfl, Hindlll, KpnJ, 
EcoRI and Xbal restriction sites. This synthetic fragment was 
constructed by annealing the oligonucleotides 624 and 625 
(FIG. 4). This resulted in plasmid pPV3. 

The KpnI/EcoRI insert from pSJ30 containing the 2x35S- 
promoler sequence upstream of an ~1 .9 kb coding sequence, 
followed by the Nos terminator sequence was ligated with 
pPV3 restricted with KpnI/EcoRI. This resulted in plasmid 
pPV5. 

The -1.9 kb coding sequence was then removed from 
pPV5 as a Sall/SacI fragment and replaced by a synthetic 
DNA fragment introducing Ncol, Nhel and Muni restriction 
sites, while leaving the original Sall/SacI sites intact. This 
synthetic fragment was constructed by annealing the oligo- 
nucleotides 626 and 627 (FIG. 4). This resulted in plasmid 
pPV5L. 

The sequence immediately 5' of the start codon ATG in 
pPV5L (CCACC ) was replaced by the plant Kozak sequence 
TAAACC using PCR. Oligonucleotides 640 and 641 (FIG. 4) 
were used to amplify the 189 bp 3 1 fragment of the 2x3 5S 
promoter from vector pCP031 (van Engelen et al. f 1994), 
modifying the ftozak sequence via oligonucleotide 641. 
pCP03 1 and the amplified fragment were then restricted with 
Hindlll/EcoRV and EcoRV/Ncol respectively before ligation 
with pPV5L restricted with Hindlll-Ncol to replace the pro- 
moter. This resulted in plasmid pPVSLN (FIG. 5). 



1.4.2 Construction of Plasmid pPE-2 

To construct the plasmid pPE-2, the multiple cloning site of 
pPVSI.N was modified by the insertion of three oligonucle- 
otide adapters. First, oligonucleotides 331 and 332 (FIG. 4) 
were annealed together and ligated with plasmid pPVSLN 
restricted with EcoRl-Xbal. This resulted in plasmid p5LNa. 
Next, the multiple cloning site from pPVSLN was amplified 
using oligonucleotides 248 and 191 (FIG. 4) and the ampli- 
fication product restricted with Xbal and EcoRI. This product 
was then ligated, in conjunction with the annealed product of 
oligonucleotides 333 and 334 (FIG. 4) with pSLNa restricted 
with Ncol-EcoRI. This resulted in plasmid pSLNb. To con- 
struct plasmid pPE-2, oligonucleotides 329 and 330 were 
annealed together and ligated with plasmid p5LNb restricted 
with Sfil-Hindlll. This resulted in plasmid pPE-2 (FIG. 5). 

1 .4.3 Construction of Plasmid pPE-5 

To construct the plasmid pPE-5, the multiple cloning site of 
pSJ34 was modified by the insertion of an oligonucleotide 
adapter. First, oligonucleotides 337 and 338 (FIG. 4} were 
annealed together and ligated with plasmid pSJ34 restricted 
with Hindlll-EcoRL This resulted in plasmid pPE-5 (FIG. 5). 

pSJ34 is a derivative of the binary vector pGPTV-Kan 
(Becker et al., 1 992 Plant Mol. Biol. 20: 1195-11 97) in which 
the BamHl site between the nptll selectable marker and the 
gene7 poly (A) signal was destroyed by 4 filling-in' with kle- 
now polymerase. 

1.4.4 Construction of Plasmid pPE-9 (2x35S+kozak-Z.o/wj 
CHI-Tnos) 

Ijotus CHI cDNA was amplified from the lotus 3* and the 5» 
cDNA library using primers 160/323 and 160/321 respec- 
tively (FIG. 4); the amplification products were then re-am- 
plified using primers 198/324and 198/322 respectively (FIG. 
4). The amplified fragments were separated by electrophore- 
sis and products 5a.3.l9 and 2.11 respectively were cloned 
into the vector pT7 and sequenced with primers 1 52 and 1 9 1 
(FIG. 4). 

To verify the DNA sequence of the amplified fragments 
primers 386 and 387 were used to amplify the complete 
40 coding region of the CHI gene (in triplicate) from a lotus 3* 
cDNA library. The resultant fragments LCH1-A, LCH1-B and 
LCHI-C were cloned into vector pT7 and sequenced with 
primers 152 and 191. Clone LCHI-A was re-amplified with 
primers 3867403 and 402/387, the resultant fragments were 
digested with Ncol-Pstl and Pstl-Nhel respectively and 
ligated into Ncol-Xbal opened PE-2 to create the vector PE-9 
(2x35S+Ko?ak-/^ CHI-tNOS in PE-2) (FIG. S). 



20 



25 



5S 



65 



1.4.5 Construction of Plasmid pPE-11 (2x35S+kozak-Pea 
CHR-Tnos) 

The chalcone reductase cDNA was amplified from a Pisum 
sativum leaf tissue 3' cDNA library using primers 384 and 
385. The resulting 0.98 kb product was ligated with the PCR 
cloning vector pT7BIue [Novagen] and the sequence verified 
before further sub-cloning. 

The chalcone reductase sequence was then amplified from 
thepT7Blue vector using oligonucleotides 384/362, 363/398, 
399/400 and 401/385 (Table 1). The resulting amplification 
products were restricted with Ncol-Narl, Narl-BamHI, 
BamHI-MunI, and Munl-Nhel respectively before ligation 
with pPE-2 restricted with Ncol-Xbal. This resulted in plas- 
mid pPE-ll(FlG. 5). 

1.4.6 Construction of Plasmid pPE-15 (2x35S+kozak-Soy 
IFS-Tnos) 

The isofiavone synthase cDNA was amplified from a G7y- 
cine max leaf tissue cDNA library using primers 339/340. 
341/342, and 343/344 (Table I). The resulting amplification 
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nroducts were restricted with Ncol-Apal. Apal-Sall. and with shaking (120 rpm) at 29° C. The overnight culture was 

s£Sa res%Sy before ligation with pPE-2 restricted centrifoged at 3000 g and the cell pellet resuspended in an 

Sd\NcoSThis y resultedinpl aS midpPE-15(F.G.5). equal volume ofMS media (3%. ^^SfSS 

w,u cut from young Nicoiiana tabacum L. cv. SRI leaves from 

! .4.7 Construction of Plant Transformation Vector pPE-1 20 5 &awa m ^ SSViC culture. The leaf segments were placed 

(CHR-IFS) directly into the A. tumefaciens suspension and co-incubated 

The single gene constructs described above were used to for ]Q 

construct the plasmid pPE120 as follows. Plasmids pPE-1 1 ^ , eaf segments were then transferred, axial surface 

and pPE- 1 5 were restricted with Sall-EcoRI and Hindlll-Sall down ^ {Q feedef p j ates (j q per plate) and placed at 22° C. for 

respectively. The 2x35S+kozak-Pea CHR-Tnos and 2x35S+ JQ 2 ^ m bw Hgh1 leaf segments were then transferred. 

kozak-SoylFS-Tnos fragments were then ligated with pPE-5 gxial surface up t0 to bacco shooting media supplemented 

restricted with Hindi II -EcoRl. This resulted in plasmid whh hormoneSi cefotaxime 500 :g/ml and kanamycin 50 

pPE120 (FIG. 5). :g / m | and placed in a growth room at 24° C. with a 16 hr 

I 4 8 Construction of Plant Transformation Vector pPE-125 photoperiod. After three weeks, callusing segments were 
tirm rmSl » 5 transferred to fresh tobacco shooting media in vjtro-vent 

( Tconstructmeplanttransfor^ati IMelford Uboratories Ltd.] ^^^^^ 

mids pPE-9 and pPE-120 were restricted with Sail. The were then excised fromcal used leaf segments and placodon 

Sting 2k3SSMUof» CHl-Tnos fragment (from tobacco shooting media without hormones containing cefo- 

P PE-9)las then ligated with Sail linearised pPE-120. This taxime 500 :g/ml and kanamycin 50 :g/ml 
P uJa « IcrniH nPP m (FIG 5^ 20 Genomic DNA was isolated from shoots that had rooted 

resulted m plasmid P PE-125 (FIG. 5). and transgenic plants harbouring the constructs were selected 

1.4.10 GPTV Control Plasmid following specific amplification of the CHR, CHI, IFStrans- 

A GPTv-based binary plasmid, pPE51 (FIG. 5), contain- genes respectively, 

ing Ihe double CaMV 35s promoter and the nos poly(A) Transgene positive plants were then potted up into a 50% 
signal (Pd35s-Tnos) was used as control plasmid. This allows 25 per iite 50% compost mixture and placed in a propagator in a 

direct comparison between transformed control plants and gjowthroom at 25° C. with a 16 h photoperiod (3000 lux), 

plants containing the CHR, CHI and IFS constructs generated After j week tne plants were removed from the propagator 

via a tissue culture procedure. and subsequently potted up into 5 -inch pots. 

pPE5 1 was constructed by restricting pPE2 with EcoRl- p e tal tissue was harvested from each independent trans for- 
Hindlll. The 2x35S+kozak-Tnqs fragment was then ligated 3f) ma m and stonxl for subsequent analysis. When flowering had 

with pPE5 restricted with Hindlll-EcoRL This resulted in finished, each plant was cut-back and allowed to re-grow to 

plasmid pPE51 (FIG. 5). form new flowers, from which seeds were harvested for 

*>A ' n Transformation propagation and analysis. 

1 * Bin^SX of pPE120, pPEl 25, pPEl 30 and pPE5 1 1 .7 Extraction of Flavonoids and Isoflavonoids from Tobacco 
were introduced into Agrobacterium tumefaciens strain 35 Tissues 

LBA4404 by high voltagf electroporation as described by Flavonoidsand isoflavono.ds were determined as : togly- 

Shen and Forde (1989) Briefly, electrocompetent cells of A. cosides or as aglyconcs by preparing non-hydrolyscd and 

tumefaciens were prepared by inoculation of 50 ml of 2xYT hydiolysed extracts respective y 

medium fSambrookTl al 1989) and culturing with shaking For extraction, tobacco petal tissues were harvested from 
7m rim Z 28< ' C unril the culture reached an OD^ of <» mllyopen.mamreflowers.Toen^rerepresentat.veanabrses, 

Se L s were cooled on ice, harvested by centrifti- a.l of the flowers <>10 per plant) were ^harvested , an . _simriar 

gation and the supernatant discarded. The cells were then development stage from each P PE120. pPEI25 and «» 

pre-cooled 0.2 cm electroporation cuvette (Bio-Rad Labora- before being stored at -80° C. The petal t.ssues (> 10) rem 

LriS.OneuJofeitherpPB120orpCJ102plasmidDNAwas each plant were then ^J***^^"^ 

m"xed with Vhe cell suspension on ice and an electric pulse homogeneous , mix. An aliquot from this m.xture was to 

Zlied immediately using a Gene Pulser with Pulse control- extracted for 30 mm at room temperature (-22 C.) m 80/ 

e'r uS B^-Rad). For transformation, the field strength was 50 (v/v) ethano. a. .OOmg/700 p.. ™^«*^ 

12 " kV/cm. a capacitance of 25 pF and resistors of 400-600 debris was removed by filtration through a 0.45 pm Mlllex- 

i ^rallTS time constants of 8-12 msec. The HV fiheru„i,» 

cells were unmediately transferred to 1 ml 2xTY and shaken at -20» C pnorto HPLC analyses. 

at 29" C for 2 hours. Aliquots were then plated onto LB agar For hydrolysed exacts. 40 pi of 1 2M HCI was added to 

upplcmcntc^^kanamycm 55 360 pi from each pe^l extract, before incubanng a. 90«C. for 

^ O o r 40 min. 

tJ' nf ih^ nl^mids in kanamvein Daidzin/genistin standards were hydrolysed under the 

iTI -"S^^ZSSZZ «- -f^s as me petal extracts providing a contro. for 

pPEl 20 (GPTV2 and 30035s; 340-GPTVl),pPE51 (30035S the hydrolysis process. 

and GPTV2). pPE125 (GPTV2 and 30035s; 340-GPTV1; 00 1 .8 Flavonoid and Isoflavonoid Analyses 

248-403; 402-398), pPEl 30 (GPTV2-30035S) specific prim- JgJ HpLC Conditions f or Flavonoid and Isoflavonoid 

ers respectively (FIG. 4). Analysis 

1 6 Stable Transformation of Nicoiiana tabacum cv SRI After hydrolysis, an aliquot from each extract was filtered 

A.tunefaciens cells fiomPCR positive colonies were used 65 through a 0.2 pm PTFE disposable filter . W™an>. The 

,o inoculatea 10ml Leimox medium* containing kanamy- filtrate (20 pi) from was mjected into the HPLC system 

cin 50 g/ml and rifampicin 50 :g/ml and incubated overnight (I1P1 100. Agilent) via an autosampler maintained at 4 C 
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wi ^ioT'aS monitoring « 262, 280, and 370 nm. was collected Horn the HPLC and analysed ngGUB 
Observed oeaks were scanned from 210-550 nm to obtain assay. In addition, fractions with the corresponding.retent.on 

spectraXhemslationsoftware(Rev.A.8.03)wasusedlocon- 5 time were collected from a typical pPE51 transformant and 
trol the system and collect and analyse data. from a daidzein standard as controls. 

Separation of flavonoid and isoflavonoid components GC-MS analysis showed that the retention time and the 
within the extracts was performed using a gradient of aceto- re i ative abundance of the measured ions (175. 184. 383, and 
nitrile in 1% acetic acid, at a flow rate of 0.8 ml/mm. The J9g from (he pPE i 2 o fraction were similar lo those 

gradient of acetonitrile was: 1 5-37% linear in 22 nun. then to ^ ^ authentic daidzein standard (FIG. 6). Furthermore. 
37-80% in 2 min, before a hold at 80% for 2 mm. Then the ^ faction from pPE51 showed no GC peak with a similar 
acetonitrile was reduced from 80-15% in 2 min and held at KteatiQn , jme or with a simi | ar re i at ive abundance of the 
1 5% for 2 min prior to next and measured ions confirming the absence of daidzein in the 

Absorbance spectra (corrected for baseline spectrum) ana ,_ n<lfnr _ anls , F1G 61 

retention time of peaks were compared with those of com- is control transformants (rid. o). • 
^ l?y available flavonoid and isoflavonoid standards. Quantitation, based on chanson w.th authennc stan- 

Calibration curves for queroetin, kaempfcrol, genistein, dards showed that levels ofdaidzeinaccumulahon npPEl 20 
daidzein isoliquiritigenin and liquiritigenin were established pet al tissues reached up to -2.75 ug/gFwt (FIG; 7). 

to ^ V-**- iSaffflJ^JSS ,o .10 Daidzein Accumulation in Transgenic N. .abacu* 

K^h^ a*-* Cha,cone Reductase ' ,soflavone Symhase and 

tobacco extracts was about 0.1 ng/ml, corresponding with Chalcone lsomerase. 

-1 5 ug/g fresh weight. Variation between replicate injections j 0 determine whether concomitant expression ol chalcone 

was less than 5%. reductase and isoflav6ne synthase in conjunction with a 

„ „ ' . . , , n,„„ m ;j 25 leoume chalcone isomerase in the non-leguminous plant N. 

1 .8.2 GC-MS Condition, for Flavonoid and Isoflavonoid Jg^^ ab , e , o enhance ^ leve , of d^dzein accumu . 

Analysis ,.„.,„ C r> ... *m*a t« lation, the flavonoid and isoflavonoid profile of petal tissues 

After hydrolysis, 5 ml of 10% Na 2 S0 4 was added to on wasdete ^ed.TWs analysis was performed by HPLCusing 

aliquot from each ussue extract before extract™ with 2 ml Ussue ^ (we)ve pPE]2S and 
ethyl acetate. The sample was then centnfiiged at 1600 g for 30 V | 

1 ^y^JffinS^ l£ HPLC assay comparison between hydrolysed petal 

"SS weSd s»S n 30 ul pySine and derivatised extracts from flowers of N .abacun, transformed I wim e.ther 

Samples were oissoiyeu ^ J? fBSTFA") at 45" pPE125 or pPE51 indicated that for several of the pPF.125 

CBE25mx0 25mS^ daidzein standanl was delected. By contrast, tos peak was no. 

CB/Mb(25mxu.^3inroxu.^ |im .. / f '„ c t jn ^n^] (pPESl) transformants. To confirm our 

ne^ur^s ser at a 3 temperature gradient from 100- zein was collected from the HPLC and analysed using GC- 
320* J * WCV^ m^in. 40 MSassayJnadditionJmctionswiththecorTespon^ 

Somas ^ tion time wc^ coll^ from a typ><* PPESI transformant 

5972A JuSle mass-selective detector set at 300° C. (El) and from a daidzein standard as controls, 

and mass ranges of 175, 184, 383, 398 Daltons for daidzein GC-MS analysis showed that the retention time and the 

(selective ion mode)- 228, 399, 37 1 , 486 Daltons for genistein relative abundance of the measured ions ( 1 7 5, 1 84, 383, and 

selectiveionmode)';(219,307,371,457and472daltonsfor 398 [M*]) from thepPE125 fraction were similar to those 

isoliquiritigenin (selective ion mode) and 1 5 1 , 1 79 ? 1 92, 235, from the authentic daidzein standard. Furthermore, the frac- 

385 and 400 daltons for liquiritigenin (selective ion mode). t ion from pPE51 showed no peak with a similar retention time 

In addition mass ranges of 170-400 Daltons for daidzein, 0 r with a similar relative abundance of the measured ions 

130-480 Daltons for isoliquiritigenin, 130-410 Daltons for confirming the absence of daidzein. Quantitation, based on 

liauiritmeninand 180-490 for genistein were selected for full comparison with authentic standards showed that levels ot 

«n mode daidzein accumulation in pPEI 25 petal tissues reached up to 

K r f , 246.7 ug/gFwi (—4934 fig/gDwl) (FIG. 8). 

1.9 Accumulation of Daidzein in Transgenic N. tabacum ™ 

Ectopically Expressing Chalcone Reductase and Isoflavone EXAMPLE 2 
Synthase: 

To determine whether ectopic expression of both chalcone 55 Transformation of Lettuce 
reductase and isoflavone synthase in the non-leguminous 

plant N. tahacum was able to redirect flavonoid synthesis Stable Transformation oiijxctuca Saliva I,, cv txillo 

toward daidzein and/or genistein synthesis, toe flavonoid and Muscara & Revolution 

isoflavonoid profile of petal tissues was determined. This J 

analysis was performed by HPLC using hydrolysed extracts 60 colonies were used 

ofpe^ltissue^mnineteenpPEUOandsixpPES.tmnsfor- 



- 10 lnucuiaie ajuiiu y . ' 

T me HPLC analysis comparison between hydrolysed cin 50 ug/ral and rifampicin 50 ug/ral and incubated overnight 

Jal SLc£ toT&L oTN Tbacum transformed with with shaking (1 20 rpm) a. 29= C. The overnight culture was 

^ I2C o^oPeT indited that in several of the 65 centrifiiged at 3000 g and the cell pellet iresuspended m an 

P P E Y 2 S™^^^^ e q ua.volumeofUMmediaanda.:10(v/v)d,.u„onusedfor 

lime as the daidzein standard was detected. By contrast, this transformation. 
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Cotyledons were cut from 7-day old Lactuca Saliva L. Genomic DNA was isolated from shoots that had rooted 

seedlings grown in tissue culture. The abaxial surface of the and transgenic plants harbouring the constructs were selected 

cotyledons was scored with a scalpel-blade before placing following specific amplification of the CHR. CHI & 1FS 

directly into the A. tumefaciens suspension and co-incubated transgenes respectively. 

for 10 minutes. 5 Minitubers were initiated from each transgene positive 
The cotyledons were then transferred, abaxial surface p i a m by transfer of-3 cm long leaf node to MS media supple- 
down, to solidified UM media supplemented with 3% (w/v) meme d with 8% (w/v) sucrose and 0.8% agar and mainlain- 
sucrose overlayed with one filter paper (8 per plate) and . ^ al 25 o q Minitubers were harvested from 
placed at 25° C. for 2 days. The cotyledons were then trans- ^ independem transfcnnant an d stored at -80° C. for 
ferred,axialsurfaceup,tosoh^^ 10 ^ fimwM ^ isoflavon oid analyses, 
with 3% (w/v) sucrose, 0.04 mgl"' NAA, 0,5 mgl BAP, 

1 00 ng/ml cefotaxime, 500 u.g/ml carbenicillin and 50 ugM EXAMPLE 4 
kanamycin and placed in a growth room at 25° C. with a 1 6 hr 

photoperiod. The explants were transferred to fresh medium „ ofitc - m 

every 14 days. After eight weeks, regenerating explants were 15 Food Product : Sk.n A PP~^ nefits from 

iransferred to solidified MS media supplemented with 0. 1 1% Isoflavone Consumption 
(w/v) MES, 100 fig/ml cefotaxime and 50 ug/rol kanamycin. 

Genomic DNA was isolated from shoots that had rooted The investigation was designed as a double blind placebo 

and transgenic plants harbouring the constructs were selected controlled study with 33 female post-menopausal volunteers, 

following specific amplification of the CHR, CHI & 1FS 20 participants were randomised in a parallel design into 

transgenes respectively. two groups to receive foods with and without functional 

Transgene positive plants were then transferred to 9 cm ingredients for a period of 12 weeks in total. For the duration 
diameter pots containing Levington M3 compost mixed with 0 f ^ stu dy subjects had to avoid soya containing foods 
John lnnes No. 3 & perlite (3:3:2) and placed in a propagator and stop taking v i tam i nS) minerals or other dietary supple- 
in a growthroom at 25° C with a 16 hr photoperiod. After 1 25 

weekmeplantswereremoved^mthepropagatorandmain- ^ rised lwo phases . Firstly, a "run-in" or 

tained at 25° C. with a 1 6 hr photoperiod. "washout" phase when subjects consumed placebo foods for 

Uaftissueharv^ weeks Secondly, an intervention phase when subjects 

and is stored at -80° C. for ^-"t flavono.d and isofla- ^ ^ ^ c _ P ^ 

vonoid analyses as previously desenbed. ^ ^ ^ ^ ingrcdiems pr pIa . 

EXAMPLE 3 cetK) f° ods ^ or a fottiitt * 0 weeks. 

Study foods were provided as a low-calorie bar. The bars 
Transformation of Potato were small (serving size 29 g) and provided on average 108 

35 calories and 3.1 gfat. 
Stable Transformation of Solarium tuberosum L. cv. Desiree Each functional bar contained: 

A. tumefaciens cells from transgene positive (PCR) colo- 
nies were used to inoculate a 20 ml Lennox media broth 
containing kanamycin 50 u.g/ml and rifampicin 50 ngftnl and 40 
incubated for 3-days with shaking (1 20 rpm) at 29° C. Fol- 
lowing incubation, this culture was centrifuged at 3000 g and 
the cell pellet resuspended in 25 ml MS media (pH5.8) 
supplemented with 3% (w/v) sucrose. 

Leaves were cut from 4-week old Solarium tuberosum L. 45 
plants, grown in tissue culture, and placed axial surface up 
onto solidified L3 medium [MS basal salts supplemented 
with 1.6% glucose, 0.8% agar, pH5.8] supplemented with 
0.02 mg/1 NAA, 20 mg/1 GA 3 , 2 mg/l Zeatin riboside] and 
placed at 23° C. for 2 days. 50 

The excised leaves were then placed directly into the A. 
tumefaciens suspension and co-incubated for 10 minutes. 
Following co-incubation, the leaves were v blotted-dry* and 

transferred, axial surface up, to feeder plates (solidified L3 The placebo foods contained the PABA (para-aminoben- 
media overlayed with 2 ml of tobacco cells suspension over 55 zo ic acid) but none of the functional ingredients. PABA was 
which one filter paper was placed) and placed in darkness at added as a compliance marker to all the bars. 
23° C. for 2 days. The leaf explants were then transferred, Consumption of the bars containing micronutricnts of 
axial surface up, to solidified L3 media supplemented 0.02 whjch |he isoflavones are considered to most efficacious; 
mg/1 NAA, 20 mg/1 GA3, and 500 ug/mJ cefotaxime and . q g q{ ^ hea , m and appearance bene fits: i. 

placedmagrowthr«)mat23/Cwitha 16 ^^°P^ 0 *? 0 ' 60 Woved skin appearance and reduced signs of ageing due 10 
four days. Tne » reduced wrinkle'height; ii. Improved firmness and skin tone; 

medium supplemented with 0 ^^/±^ c ^^ 8iii Softer and smoother skin; iv. A less sensitive skin, that 

and 500 up/m cefotaxime and 100 rag/1 kanamycin every 1 4 °" ' . . m . 

days. After approximately eight weeks, shoots (-1.5 cm) makes one feel better abom their km; v. Improved overall 
were excised from the regenerating explants and transferred « ant.ox.dant status of the body and skm 
to solidified MS media supplemented with 1% (w/v) sucrose. The statistical significance of each of the skin benehts or 
0.8% agar, 500 jig/ml cefotaxime and 100 pg/ml kanamycin. serum changes after ten weeks intervention is listed below: 



Soya isoflavones 


20 mg 


Green lert polyphenols 


100 mg 


Ciamma-linolenic acid 


240 mg 


C&rotenoids 


0.25 mg 


Vitamin A 


.100 ,jg 


Vitamin C 


60 mg 


Vitamin E 


7.5 mg 


Vitamin D2 


0.55 mg 


Vitamin B3 


7 mg 


Vitamin B6 


0.75 mg 


Vitamin D 


5 Hg 


Folate 


200 jig 


Zinc 


7.5 mg 


Calcium 


600 mg 


PABA 


120 mg 
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Parameter 


Week 10 Up- 
value s 


Parameter 


Week 10 *p* 
value 


i. Wrinkle height (replicas) 

ii. Firmness (indent value) 


<0.078 
<0.07S 


iv. Sensitive skin (questionnaire) 

v. Senim antioxidant start » (TF.AC) 


<0.05 
<0.06S 




SEQUENCE LISTING 



<160> NUMBER OP SEQ ID NOS: 59 

<210> SEQ ID NO 1 

<211> LENGTH: 946 

<212> TYPE: DNA 

<213> ORGANISM: Piouro oativum 

<4 00> SEQUENCE; 1 

atgggtagtg ttgaaatccc aacaaaggtg cttaccaaca catctgctca aattaagatg 
cctgttgtcg gaatgggatc agcacctgac ctcacatgca agaaagacac taaagaagca 
atcatcgaag ccatcaaaca aggttacaga cactttgata ctgctgctgc ttatggatcc 
gaacaagctc ctggtgaggc tttgaatgag gctatccaac ttggtcttgt cactagagaa 
cagctttttg ttacttctaa actttgggtt actgaaaatc atcctcacct Cgttcttcct 
gctctacaaa aatctctcaa gactcttcag Ctggactact tggatttgta tttgattcat 
tggecactta gttctcagcc cggaaagttt tcatttccaa ttgatgtggc tgatctattg 
ccatttgatg taaaaggtgt gtgggaatcc atggaagagg ctttgagact tggactcacg 
aaagctattg gtgtcagtaa cttctctgtc aagaaacttc aaaagctact atctgttgcc 
actgttcttc ctgctgttaa tcaagtagag atgaaccttg catggcaaca aaagaageca 
agagaatttt gcaatgaaaa tggaatagtg ttgactgeat tttcaccgtt gaggaaaggc 
gccagccgag gagcaaatga ggttatggag aatgatatgc ttaaacagat tgeagatget 
catggaaagt etattgeaca aatttctctg agatggttat atgaacaagg aatcactttt 
gttccaaaga gctatgataa ggagagaatg agtcaaaatt tgagaatctt tgattggaca 
ctgacaaagg aggatcatga gaaaattgat caaattaagc agaatcgttt gatccctgga 
ccaaccaagc caagtctcaa tgatctttgg gatgacgaaa tataag 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
946 



<210> SEQ ID NO 2 

<211> LENGTH; 314 

<212> TYPE: PRT 

<213> ORGANISM: Piemn sativum 

<4 00> SEQUENCE: 2 

Met Gly Ser Val Glu lie Pro Thr Lye Val Leu Thr Aan Thr Ser Ala 
15 10 15 

Gin lie Lya Met Pro Val Val Gly Met Gly Ser Ala Pro Asp Phe Thr 
20 25 30 

Cya Lye Lya Asp Thr Lya Glu Ala lie He Glu Ala He Lya Gin Gly 
35 40 45 

Tyr Arg Hio Phe Aop Thr Ala Ala Ala Tyr Gly Ser Glu Gin Ala Leu 
SO 55 60 

Gly Glu Ala Leu Aon Glu Ala He Gin Leu Gly Leu Val Thr Arg Glu 
65 70 75 80 
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Gin Leu Phe Val Thr Ser Lye Leu Trp Val Thr Glu Aon Hi a Pro Hie 
BS 90 95 

Leu Val Leu Pro Ala Leu Gin Lye Ser Leu Lya Thr Leu Gin Leu Asp 
100 105 HO 

Tyr Leu Asp Leu Tyr Leu lie Hie Trp Pro Leu Ser Ser Gin Pro Gly 
115 120 125 

Lya Phe Ser Phe Pro lie Asp Val Ala Aep Leu Leu Pro Phe Aep Val 
130 135 140 

Lva Gly Val Trp Glu Ser Met Glu Glu Ala Leu Arg Leu Gly Leu Thr 
xi 5 150 155 160 

Lye Ala lie Gly Val Ser Aan Phe Ser Val Lya Lye Leu Gin Lye Leu 
165 170 175 

Leu Ser Val Ala Thr Val Leu Pro Ala Val Aon Gin Val Glu Met Aon 
180 185 190 

Leu Ala Trp Gin Gin Lye Lye Leu Arg Glu Phe Cye Asn Glu Aon Gly 
195 200 205 

He Val Leu Thr Ala Phe Ser Pro Leu Arg Lye Gly Ala Ser Arg Gly 
210 215 220 

Ala Aen Glu Val Met Glu Asn Aep Met Leu Lye Gin He Ala Asp Ala 
225 230 235 240 

Hie Gly Lys Ser He Ala Gin He Ser Leu Arg Trp Leu Tyr Glu Gin 
245 250 255 

Gly He Thr Phe Val Pro Lye Ser Tyr Asp Lye Glu Arg Met Ser Gin 
260 265 270 

Aan Leu Arg He Phe Aep Trp Thr Leu Thr Lye Glu Aep Hie Glu Lye 
275 280 285 

He Aep Gin He Lye Gin Aen Arg Leu He Pro Gly Pro Thr Lye Pro 
290 295 300 

Ser Leu Aen Asp Leu Trp Asp Aep Glu He 
305 310 

<210> SEQ ID NO 3 

<211> LENGTH : 1567 

<212> TYPE: DNA 

<213> ORGANISM: Glycine max 

<400> SEQUENCE: 3 

acggtgcttg aacttgcact tggtttattg gttttggctc tgtttctgca cttgcgtccc 60 
acacccactg caaaatcaaa agcacttcgc catctcccaa acccaccaag cccaaagcct 
cgtcttccct tcataggaca ccttcatctc ctaaaagaca aacttctcca ctacgcactc 



120 
180 



atcgacctct ccaaaaaaca tggtccctta ttctctctct actttggctc catgccaacc 240 

gttgttgcct ccacaccaga attgttcaag ctcttcctcc aaacgcacga ggcaacttcc 300 

ttcaacacaa ggttccaaac ctcagccata agacgcctca cctatgatag ctcagtggca 360 

atggttccct tcgggcccta ctggaagttc gtgaggaagc tcatcatgaa cgaccttctc 420 

aacgccacca ctgtaaacaa gttgaggcct ttgaggaccc aacagacgcg taagttcctt 480 

agggttatgg cccaaggcgc agaggcacag aagccccttg acttgaccga ggagcttctg 54 0 

aaatggacca acagcaccat ctccatgatg atgctcggcg aggctgagga gatcagagac 600 

atcgctcgcg aggttcttaa gatctttggc gaatacagcc tcactgactt catctggcca 660 
ttgaagcatc tcaaggttgg aaagtatgag aagaggatcg acgacatctt gaacaagttc 
gaccctgtcg ttgaaagggt catcaagaag cgccgtgaga tcgtgaggag gagaaagaac 



720 
780 
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ggagaggttg 


ttgagggtga 


ggtcagcggg gttttccttg acactttgct 


cgagt tcgct 


84 0 


gaggatgaga 


ctatggagat 


caaaatcacc aaggaccaca tcaagggtct 


tgttgtagac 


900 


tttttctcgg 


caggaacaga 


ctcaacagcg gtggcaacag agtgggcatt 


ggcagaactc 


960 


atcaacaatc 


ctaaggtgtt 


ggaaaaggct cgtgaggagg tctacagtgc 


tgtgggaaag 


1020 


gacagacttg 


tggacgaagt 


tgacacccaa aaccttcctt acattagagc 


aatcgtgaag 


1080 


gagacattcc 


gcatgcaccc 


gccactccca gtggtcaaaa gaaagtgcac 


agaagagtgt 


1140 


gagattaatg 


gatatgtgat 


cccagaggga gcattgattc tcttcaatgt 


atggcaagta 


1200 


ggaagagacc 


ccaaat actg 


ggacagacca tcggagttcc gtcctgagag 


gttcctagag 


1260 


acaggggctg 


aaggggaagc 


agggcctctt gatcttaggg gacaacattt 


tcaacttctc 


1320 


ccatttgggt 


ctgggaggag 


aatgtgccct ggagtcaatc cggctacttc 


gggaatggca 


1380 


acacttcttg 


catctcttat 


tcagtgcttc gacttgcaag tgctgggtcc 


acaaggacag 


1440 


acatcgaagg 


gtggtgacgc 


caaagttagc acggaagaga gagccggccc 


cactgttcca 


1500 


agggcacata 


gtcttgtctg 


tgttccactt gcaaggatcg gcgccgcacc 


caaactcctc 


1S60 


tcttaag 








1567 



<210> SEC; ID NO 4 

<211> LEKGTHt 521 

<212> TYPE: PRT 

<213> ORGANISM: Glycine max 

<4 00> SEQOENCE: 4 

Met Val Leu Glu Leu Ala Leu Gly Leu Leu Val Leu Ala Leu Phe Leu 
1 5 10 15 

Hie Leu Arg Pro Thr Pro Thr Ala Lya Ser Lys Ala Leu Arg Hie Leu 
20 25 30 

Pro Asn Pro Pro Ser Pro Lys Pro Arg Leu Pro Phe He Gly Hie Leu 
35 40 45 

Hie Leu Leu Lys Asp Lyti Leu Leu His Tyr Ala Leu He Asp Leu Ser 
50 55 60 

Lya Lys His Gly Pro Leu Phe Ser Leu Tyr Phe Gly Ser Met Pro Thr 
65 70 75 80 

Val Val Ala Ser Thr Pro Glu Leu Phe Lye Leu Phe Leu Gin Thr His 
85 90 95 

Glu Ala Thr Ser Phe Asn Thr Arg Phe Gin Thr Ser Ala He Arg Arg 
100 105 110 

Leu Thr Tyr Asp Ser Ser Val Ala Met Val Pro Phe Gly Pro Tyr Trp 
115 120 125 

Lys Phe Val Arg LyB Leu He Met Aan Asp Leu Leu Asn Ala Thr Thr 
130 135 140 

Val Aan Lys Leu Arg Pro Leu Arg Thr Gin Gin Thr Arg Lys Phe Leu 
145 150 155 160 

Arg Val Met Ala Gin Gly Ala Glu Ala Gin Lys Pro Leu Asp Leu Thr 
165 170 175 

Glu Glu Leu Leu Lya Trp Thr Aan Ser Thr He Ser Met Met Met Leu 
180 185 190 

Gly Glu Ala Glu Glu He Arg Asp He Ala Arg Glu Val Leu Lyo He 
195 200 205 

Phe Gly Glu Tyr Ser Leu Thr Asp Phe He Trp Pro Leu Lys His Leu 
210 215 220 



Lys val Gly Lys Tyr Glu Lye Arg He Asp Asp He Leu Asn Lys Phe 
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Asp Pro Val Val Glu Arg Val lie Lys Lye Arg Arg Glu lie Val Arg 
245 250 255 

Arg Arg Lye Asn Gly Glu Val Val Glu Gly Glu Val Ser Gly Val Phe 
260 265 270 

Leu Asp Thr Leu Leii Glu Phe Ala Glu Asp Glu Thr Met Glu lie Lys 
275 280 285 

lie Thr Lys Asp His lie Lys Gly Leu Val Val Asp Phe Phe Ser Ala 
290 295 300 

Gly Thr Asp Ser Thr Ala Val Ala Thr Glu Trp Ala Leu Ala Glu Leu 
305 310 315 320 

He Aon Aan Pro Lye Val Leu Glu Lys Ala Arg Glu Glu Val Tyr Ser 
325 330 335 

Val Val Gly Lys Asp Arg Leu Val Asp Glu Val Asp Thr Gin Aen Leu 
340 345 350 

Pro Tyr He Arg Ala lie Val Lys Glu Thr Phe Arg Met HiB Pro Pro 

3S5 ' 360 365 

Leu Pro Val Val Lys Arg Lys Cys Thr Glu Glu Cys Glu He Aen Gly 
370 375 380 

Tyr Val He Pro Glu Gly Ala Leu He Leu Phe Asn Val Trp Gin Val 
385 390 3*5 400 

Glv Arg Asp Pro Lys Tyr Trp ABp Arg Pro Ser Glu Phe Arg Pro Glu 
405 410 415 

Arg Phe Leu Glu Thr Gly Ala Glu Gly Glu Ala Gly Pro Leu Aep Leu 
420 425 430 

Arg Gly Gin His Phe Gin Leu Leu Pro Phe Gly Ser Gly Arg Arg Met 
435 440 445 

Cya Pro Gly Val Asn Leu Ala Thr Sex Gly Met Ala Thr Leu Leu Ala 
450 455 460 

Ser Leu He Gin Cye Phe Asp Leu Gin Val Leu Gly Pro Gin Gly Gin 
465 470 475 480 

He Leu Lys Gly Gly Asp Ala Lys Val Ser Met Glu Glu Arg Ala Gly 
-485 490 495 

Leu Thr val Pro Arg Ala Hie Ser Leu Val Cys Val Pro Leu Ala Arg 
500 505 510 

He Gly Val Ala Ser Lys Leu Leu Ser 
515 520 



<210> SEQ ID NO 5 
<211> LENGTH: 6*70 
<212> TYPE : DNA 

<213> ORGANISM: Lotus corniculatua 
<400> SEQUENCE: 5 

atggctgcat ccctcacccc aatccaggtc gagaaccttc aatttcctgc gtctgtcacc 6 0 
tctccogcca ccgccaagtc ttatttcctc ggtggtgcag gggagagagg gttgacgatt 120 
gaggggaagt tcataaaatc cactggcata ggagtgtatt tggaagatac agcagtggat 180 
tcactcgcca ccaagtggaa gggtaagagt tcacaagagc tgcaggactc ccttgacttc 240 
tccagagaca tcatttcaag tccctctgag aagttaattc gagggtccaa gctgaggcca 300 
ttgagtggcg tggagtattc aagaaaggtg atggagaatt gtgtggcaca catgaagtct 360 
gctggaactt atggtgaagc agaggccaca gccattgaaa aatttgcaga agccttcagg 420 
aaggtggatt ttccaccagg ttcctctgct ttctaccgac aatcaacaga tggaaaacta 480 
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gggcttagtt tctctttgga tgacacgata ccagaagaag aggctgeagt catagagaac 540 
aaggcactct cagaggcagt gttagagacc atgattggcg ageatgetgt ttcccctgat 600 
ttgaagcgtt gttcggctga aaggttgcct attgegatga accagggtct tctcctcact 660 

670 

ggaaactgat 

<210> SEQ ID HO 6 
<211> LENGTH: 222 
<212> TYPE: PRT 

<213> ORGANISM; Lotus corniculatue 
<4 00> SEQUENCE : 6 

Met Ala Ala Ser Leu Thr Pro lie Gin Val Glu Asn Leu Gin Phe Pro 
15 10 15 

Ala Ser Val Thr Ser Pro Ala Thr Ala Lye Ser Tyr Phe Leu Gly Gly 
20 25 30 

Ala Gly Glu Arg Gly Leu Thr lie Glu Gly Lye Phe lie Lye Phe Thr 
35 40 45 

Gly lie Gly Val Tyr Leu Glu Aep Thr Ala Val Asp Ser Leu Ala Thr 
SO 55 60 

Lvs Trp Lye Gly Lye Ser Ser Gin Glu Leu Gin Aep Ser Leu Ab P Phe 
65 70 75 80 

Phe Arg Aep He He Ser Ser Pro Ser Glu Lyo Leu He Arg Gly Ser 
85 90 « 

Lye Leu Arg Pro Leu Ser Gly Val Glu Tyr Ser Arg Lye Val Met Glu 
100 105 HO 

Aen Cye Val Ala Hie Met Lye Ser Ala Gly Thr Tyr Gly Glu Ala Glu 
115 120 125 

Ala Thr Ala He Glu Lye Phe Ala Glu Ala Phe Arg Lye Val Aep Phe 
130 135 140 

Pro Pro Gly Ser Ser Val Phe Tyr Arg Gin Ser Thr Asp Gly Lyo Leu 
145 ' 150 155 160 

Gly Leu Ser Phe Ser Leu Aep Aep Thr He Pro Glu Glu Glu Ala Val 
165 170 175 

Val He Glu Aen Lye Ala Leu Ser Glu Ala Val Leu Glu Thr Met He 
180 185 190 

Gly Glu Hie Ala Val Ser Pro Aep Leu Lye Arg Cye Leu Ala Glu Arg 
195 200 205 

Leu Pro He Val Met Aen Gin Gly Leu Leu Leu Thr Gly Aen 
210 215 220 

<210> SEQ ID NO 7 
<211> LENGTH: 9 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Deecription of Artificial Sequence : conserved 
regione of various known CHR'e 

<4 00> SEQUENCE: 7 

Met Pro Val Val Gly Met Gly Ser Ala 
1 5 

<210> SEQ ID NO 8 
<211> LENGTH: 8 
<212> TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
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<223> OTHER INFORMATION , Description of Artificial Sequence : conserved 
regions of various known CHR'b 

<4 00> SEQUENCE: 8 

Ala He He Glu Ala He Lys Gin 
1 5 

<210> SEQ ID NO 9 
<211> LENGTH: 21 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<400> SEQUENCE: 9 

atgttgctgg aacttgcact t 21 

<210> SEQ ID NO 10 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<223> OTHER INFORMATION: Description of Artificial Sequence : pr imer 
<4 00> SEQUENCE: 10 
ttagaaagga gtttagatgc aacg 



<210> SEQ ID NO 11 
<211> LENGTH: 21 
<:212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<400> SEQUENCE: 11 
tgtttctgca ttgcgtccca c 



<210> SEQ ID NO 12 
<211> LENGTH: 22 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION : Description of Artificial Sequence :prim< 
<400> SEQUENCE: 12 
ccgatccttg caagtggaac ac 



c210> SEQ ID NO 13 
<211> LENGTH: 23 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: . 

<223> OTHER INFORMATION: Description of Artificial Sequence : primer 

<400> SEQUENCE: 13 
ttgtccagat agcccagtag ctg 



<210> SEQ ID NO 14 
<211> LENGTH: 23 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence : primer 



<400> SEQUENCE: 14 
cgacaatctg atcatgagcg gag 



23 
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<210> SEQ ID NO 15 
<211> LENGTH : 23 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: . , . ^ 

<223> OTHER INFORMATION : Description of Artificial Sequence: primer 

<4 00> SEQUENCE: 15 
cgacaatctg atcatgagcg gag 

<210> SEQ ID NO 16 
<211> LENGTH : 21 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATORE: 

<223> OTHER INFORMATION-. Description of Artificial Sequence: primer 
<4O0> SEQUENCE: 16 
gcatcacgca gttcaacgct g 

<210> SEQ ID NO 17 
<211> LENGTH: 24 
<2 1 2> TYPE : DNA 

<213> ORGANISM; Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence : pr imer 
<400> SEQUENCE: 17 
ggaaacagct atgaccatga ttac 

" <210> SEQ ID NO 18 
<211> LENGTH: 17 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: . , , 

<2 23> OTHER INFORMATION: Description of Artificial Sequence i primer 

<4 00> SEQUENCE: 18 
aaggatccgt cgacatc 

<210> SEQ ID NO 19 
<211> LENGTH: 29 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

«223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<400> SEQUENCE: 19 

agtcccccat ggtacgtcct gtagaaacc 



<210> SEQ ID NO 20 
<2U> LENGTH : 25 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence : primer 
<400> SEQUENCE : 20 
cgttttcgtc ggtaatcacc attcc 



<210> SEQ ID NO 21 
<211> LENGTH : 20 
<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 
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<223> OTHER INFORMATION : Description of Artificial Sequence: primer 
<4 00> SEQUENCE: 21 

tttcccagtc acgacgttgt 20 

<210> SEQ 10 NO 22 e 
<211> LENGTH : 17. 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence : primer 
<4 00> SEQUENCE: 22 

gacatcgata atacgac 17 

<210> SEQ ID NO 23 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: primer 
<400> SEQUENCE: 23 

tgctacctct agagaatttc cccg 24 



<210> SEQ ID NO 24 

<211> LENGTH: 30 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<400> SEQUENCE: 24 

ctaagcccct aagtattcca tcaggtgatt 30 



<210> SEQ ID NO 25 
<211> LENGTH: 34 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<400> SEQUENCE i 25 

ccaggtggaa aattacacat gtgcttgaaa gage 34 



<210> SEQ ID NO 26 
<2Xl> LENGTH: 30 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION r Description of Artificial Sequence: primer 
<400> SEQUENCE: 26 

tttgaaaagt ctaataacga gggtcagaag 3 0 



<210> SEQ ID NO 27 

<211> LENGTH: 33 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence : primer 

<400> SEQUENCE: 27 



tactcaagga aggttgatgg agaactgtcg tgg 



33 
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<2iO> SEQ ID NO 28 
<211> LENGTH: 64 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<400> SEQUENCE: 28 

cgcgagctca tgtaccccgg gatttccact agcttaaggg ttaactacat ggtcgacgta c 60 



<210? SEQ ID NO 29 
<211> LENGTH: 70 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> PEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: primer 
<400> SEQUENCE : 29 

agcttatgta cgtcgaccat gtagttaacc cttaaactag tggaaatccc ggggtacatg 60 

t 

agctcgcgat 



70 



<210> SEQ ID NO 30 
<211> LENGTH : 60 
<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<4 00> SEQUENCE: 30 

aattcgagct catgtacccc gggatttcca ctagtttaag ggttaactac atggtcgacg 

<210> SEQ ID NO 31 
<211> LENGTH: 60 
<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<2 23> OTHER INFORMATION; Description of Artificial Sequence: primer 
<400> SEQUENCE: 31 

ctagcgtcga ccatgtagtt aacccttaaa ctagtggaaa tcccggggta catgagctcg 

<210> SEQ ID NO 32 
<211> LENGTH: 21 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<4 00> SEQUENCE: 32 
catggatgcg tagttaagcc t 

<210> SEQ ID NO 33 
<211> LENGTH: 21 
<212> TYPE: DNA 

<213> ORGANISM : Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence : primer 
<400> SEQUENCE: 33 
ctagaggctt acatacgcat c 



60 



60 



<210> SEQ ID NO 34 
<211> LENGTH: 72 
<212> TYPE : DNA 
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<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<4 00> SEQUENCE: 34 

aattcatgca cgagctcaat tcccccggga taggcactag tgctgctgtt aactacatgg 60 
tcgacttatt aa 72 

<210> SEQ ID NO 35 
<211> LENGTH; 72 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<400> SEQUENCE: 35 

aggtttaata agtcgaccat gtagttaaca gcagcactag tgcctatccc gggggaactg 6 0 

agctcgtaca eg 72 

<210> SEQ ID NO 36 
<211> LENGTH : 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence : primer 
<400> SEQUENCE: 36 

gaacaccatg gtgettgaac ttgc 24 

<210> SEQ ID NO 3 7 
<211> LENGTH: 31 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<400> SEQUENCE: 3 7 

cccagtaggg cccgaaggga accattgcca c 31 

<210> SEQ ID NO 3 8 
<211> LENGTH: 20 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<4 00> SEQUENCE : 3 8 

ccttcgggcc ctactggaag 20 

<210> SEQ ID NO 3 9 1 
<211> LENGTH: 20 
<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION : Description of Artificial Sequence; primer 
<4 00> SEQUENCE; 3 9 

cagcgaactc gagcaaagtg 20 

<210> SEQ ID NO 4 0 
<211> LENGTH: 79 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
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<4 00> SEQUENCE: 40 

cactttgctc gagttcgccg aggatgagac tatggagatc aaaatcacca aggaccacat 60 
caagggcctt gttgtagac 79 

<210> SEQ ID NO 41 
<211> LENGTH: 2B 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence : pr imer 
<4 00> SEQUENCE: 41 

atgacgagct agcttattaa gaaaggag 2S 

<210> SEQ ID NO 42 
<211> LENGTH: 30 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence : pr imer 
<4Q0> SEQUENCE : 42 

ggtgtgtggg gatccatgga agaggctttg 30 

<210> SEQ ID NO 43 
<211> LENGTH: 44 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<400> SEQUENCE: 43 

cctcggctcg cgcctttcct caacggtgaa aatgcagtca acac 44 



<210> SEQ ID NO 44 
<211> LENGTH : 45 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<400> SEQUENCE : 44 

caacaaccca tgggtagtgt tgaaatccca acaaaggtgc ttacc 



<210> SEQ ID NO 45 
<211> LENGTH: 37 
<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

c223> OTHER INFORMATION : Description of Artificial Sequence : pr imer 
<4 00> SEQUENCE: 45 

agcaactgct agcttatatt tcatcatccc aaagatc 



<210> SEQ ID NO 4 6 

<211> LENGTH: 42 

<212> TYPE: DNA 

<213> ORGANISM; Artificial Sequence 

<2 20> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 00> SEQUENCE: 46 



tagattgcca tggctgcatc cctcacccca atccaggtcg ag 



42 



Document 1 Filed 09/02/2009 Page 43 of 



US 7,501,556 B2 

46 

-continued 



<210> SEQ ID NO 47 
<211> LENGTH: 39 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220:> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<400> SEQUENCE: 47 

aaacttcgct agcttaccag tttccagtga ggagaagac 



<210> SEQ ID NO 48 
<211> LENGTH: 23 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> PEATURB: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<400> SEQUENCE: 48 
gcttgttcgg atccataagc age 



<210> SEQ ID NO 49 

<211> LENGTH: 41 

<212> TYPE : DNA 

<213> ORGANISM: Artificial Sequence 

<2 20> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 

<4 00> SEQUENCE: 49 

tgcttatgga tccgaacaag ctcttggtga ggctttgaat g 
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<210> SEQ ID NO 50 
<211> LENGTH: 21 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE : 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<4 00> SEQUENCE: 50 
cagccacatc aattggaaat g 



<210> SEQ ID NO 51 
<211> LENGTH: 78 
c212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: primer 
<4 00> SEQUENCE: 51 

tcatttccaa ttgatgtggc tgatctattg ccatttgatg taaaaggtgt gtgggaatcc 
atggaagagg ctttgaga 



60 
78 



<210> SEQ ID NO 52 

<211> LENGTH : 25 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE : 

<223> OTHER INFORMATION : Description of Artificial Sequence : primer 

<4 00> SEQUENCE: 52 
cacaagagct gcaggactcc cttga 



<210> SEQ ID NO 53 . 
<211> LENGTH: 24 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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<223> OTHER 1 INFORMATION: Description of Artificial Sequence: primer 
<400> SEQUENCE: 53 

24 

gggagtcctg cagctcttgt gaac 

<210> SEQ ID NO 54 
<21l> LENGTH: 38 
<212> TYPE; DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION : Description of Artificial Sequence: primer 
<400> SEQUENCE: 54 

agctgcgatc gcaagcttgg taccgggaat tctctaga 39 

<210> SEQ ID NO 55 
<211> LENGTH: 42 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

«220> FEATURE : . 

<223> OTHER INFORMATION: Description of Artificial Sequence -.primer 
<400> SEQUENCE: 55 

aatttctaga gaattcccgg taccaagctt gcttgcgatc gc 42 

<210> SEQ ID NO 56 
<211> LENGTH; 31 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: primer 
<4 00> SEQUENCE: 56 

tcgacccatg gcccgctagc caattggagc t 31 

<210> SEQ ID NO 57 
<211> LENGTH: 23 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence : primer 
<400> SEQUENCE : 57 

ccaattggct agcgggccat ggg 23 

<210> SEQ ID NO 58 
<211> LENGTH : 22 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE. 

<223> OTHER INFORMATION: Description of Artificial Sequence : primer 
<4 00> SEQUENCE: 58 

ccacccacga gggaacatcg tg 22 

<210> SEQ ID NO 59 

<211> LENGTH: 39 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE: 

<223> OTHER INFORMATION: Deocription of Artificial Sequence : primer 



<4 00> SEQUENCE : 59 

gaactcccat ggtttacact cgaggtcctc tccaaatga 



39 
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. 12. A process according to claim 11, wherein said process 

TT,e invention corned is: thereof comprising further comprises genetically modifying said plant or part 

, }■ ^^^^^JS^^pJi thereof to incorporate one or more nucleotide sequences 

^?^lt^JSZaZn* and is active in encoding a chalcone isomemse compnsmg an ammo acid 

^aLTrSltiSZceSng a ctafcone roduc- sequence ofSEQ ID NO: 6 capable of catalyang the conver- 

( Isf ompSmg TZno acid with at least 95% Z 0 f 4 ,2',4'-mhydro X cha.cone to 7 4'-dihydroxyflavanone 

™ce identity to theamino acid sequence ofSEQ ID s0 „ t0 increase ,he activity of the chalcone .somen.se. 

NO- 2; and 13 A process according to claim 11. wherein (0 one or 

(b) a second nucleotide sequence encoding an isoflavone 10 nucleotide se q Uence s encoding a chalcone reductase 

synthase comprising an amino acid sequence with at c rises a nucleotide sequence as shown in SEQ ID NO: 1 , 

least 95% sequence identity to the amino acid sequence ^ ^ ^ ^ m(jre nucleotide sequen ces encoding a isofia- , 

Ctaim / ^co^TsSase ^£T^«S5 " 14 A process according to claim 12, wherein said one or 

3C1 3 A genetically modified planter part thereof according to 15 A procesR according to claim 14, wherein said one or 

claim 1 wherein (i) the first nucleotide sequence comprises 20 mQrc nuclcotidc scquC nccs encoding a chalcone isomcrasc 

the nucleotide sequence of SEQ ID NO: 1 , and (ii) the second consisls of a nucleo tide sequence as shown in SEQ ID NO: 5. 

nucleotide sequence comprises the nucleotide sequence or ^ A accQrding l0 c|aira j , wher ein said plant is 

SEQ ID NO: 3. selected from the group consisting of tobacco, Lactuca sp., 

4.Agenetically modified P»antor P ort mereof accor^ngto ^g^red cabbage, potato, spinach, rhubarb, 

claimlwheremthethirdnucleotidecompnsesthenucleonde 25 Swiss chard, purple 

"T^Mi^^P^V^ thereof according basil, watermelon and berries. 

^SMMmL^ sequence consists of the 17 . A genetically modified plant or part thereof according 

nS^tilTe^ as shown in SEQ ID NO: 5. to claim 1, wherein the first nucleotide sequence encodes a 

6 A genetically modified plant or part thereof according to 30 chalcone reductase comprising the amino acid sequence ol 

claim 1 whereinsaidplantorpartthereofisselectedfromthe SEQ ID NO: 2. 

group consistingof tobacco, lactuca sp broccoli, asparagus, Jfi A genetically modified plant or part thereof according 

red cabbage, potato, spinach, rhubarb, red onion, shallot ^ ^ m j wherein me fax nucleotide sequence encodes a 

aubergine, radish, Swiss chard, purple basil, watermelon and ^ chakQne ^^3^ consisting of the amino acid sequence of 

A food product ^comprising a genetically modified plant SEQ ID NO^ ^ ^ ther eof according 

° r ^I^JS^Z claim 7 wherein said food to claim! wherein the second nucleotide sequence encodes 

pnLVl^ aisoflavonesynthasccompris'mgthcaminoacidsequcnccol 

mixed salad, soup, spread, sauce, fruit bar and ice cream. 40 SEQ ID NO: 4. 

9 A method for the production of a food product or nutn- 20 . A genetically modified plant or part thereof according 
lional supplementcomprisingculturinglhegenetically modi- t0 claim y wher ein the second nucleotide sequence encodes 
tied plant or part thereof according to claim 1 under condi- a isoflaV one synthase consisting of the amino acid sequence 
tions suitable for expression of a chalcone reductase or ofSEQ ID NO: 4. 

isoflavone synthase. 45 21. A genetically modified plant or part thereof according 

10 A method for the production of a food product or {q 2 wherein the third nucleotide sequence encodes a 
nutritional supplement comprising culturing the genetically chalcone i som erase comprising the amino acid sequence ot 
modified plant or part thereof according to claim 2 under $£Q JD NQ: fi 

conditions suitable for expression of a chalcone reductase or ^ ^ genetically modified plant or part thereof according 

isoflavone synthase. . * t0 c!auB 3 , wherein the first nucleotide sequence consists of 

11 . A process for increasing the content of ^^"™r me nucle otide sequence of SEQ ID NO: I . 

derivatives thereof in a plant or part thereof, wherein said ^ ^ genelically modified plant or part thereof according 
process comprises: . - n ;d to c i aim 3 wherein the second nucleotidc sequence consists 

W r?SS£Sl^^ » onhe^ieotidesequenceofSEQIDNO^. 

plant or part thereof is active in ooin an.n y chalcone reduc- 

more nucleotide sequences encoding a chalcone reduc- 25< ^ process of cla im 1 1 wherein chalcone r reduc- 
tase comprising an amino acid with at least 95% tase consists of the amino acid sequence of SEQ ID NO. 2. 
sequence identity to the amino acid sequence of SEQ ID 60 ^ ^ process of claim 11, wherein the isoflavone syn- 
NO: 2 with chalcone reductase activity and one or more comprises the am ino acid sequence of SEQ ID NO: 4. 
nucleotide sequences encoding a isoflavone synthase ^ ^ & q( Mm t j wberejn the isoflavone sy n - 
comprising the an amino acid with at least 95 A thase consists of the amino acid sequence of SEQ ID NO: 4. 
sequence identity to the amino acid sequence of ShQ IU chalcone 

thase in said plant or part thereof. 6 - 



Case 1:09-cv-01673-HHK Document 1 Filed 09/02/2009 Page 46 of 46 



US 7,501,556 B2 



51 



29 The process of claim 12, wherein the nucleotide 
sequence encoding the chalcone isomerase consists of the 
amino acid sequence of SFQ ID NO: 6. 

30 The process of claim 13. wherein the nucleotide 
sequence encoding the chalcone reductase consists of the 
nucleotide sequence of SEQ ID NO: 1 
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31. The process of claim 13, wherein the nucleotide 
sequence encoding the isoflavone synthase consists or the 
nucleotide sequence of SCQ ID NO: 3. 



